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EDITORIAL 


The Spectrum Microdrive was launched at a gathering of the 
computer and national press in the last few days of June. 

Interest in the drive has been kept alive by various sections of the 
computer press with a series of ‘informed’ guesses as to the exact 
format of the drive. Without this continual hype, its possible that the 
Microdrive would have faded from the computer aware public’s 
mind. This may have no bad thing as it would have removed the 
Spectrum's undoubted selling advantage that the promise of the £50 
drive bestowed upon the machine. 

This is not to say that the Spectrum would not have been a 
bestseller without the prospect of a cheap, fast access, mass storage 
system — for many people the Spectrum simply cannot be beaten at its 
£100 price, more than a year after its launch. 

The launch of the Microdrive is bound to give a boost to sales of 
Sinclair's colour computing but, as the Company’s advertising, with 
an unusual amount of candour, suggests it could be some time before 
the drives are generally available. 

First in the queue to buy the drive will be those early purchasers of 
the Spectrum. Assuming that the offer of a£50 Microdrive will prove 
irresistible to a large number of Spectrum owners, getting through the 
backlog will mean that anyone buying a Spectrum today will have to 
go to the back of a queue that would stretch a good part of the way 
from London to Birmingham. 


Assuming that the Microdrive suffers from none of the initial 
production problems that bedevilled the Spectrum our guess is that it 
will not be until after Christmas at least before the drives are generally 
available. 

All this is not meant to detract from the achievements of Sir Clive 
and his boys but more a wish that he could have attached enough 
importance to the Microdrive project to ensure that it met its official 
launch date of the summer of 82. 


New Look E&CM 

As from next month E&CM will look a little different. As part 
of our policy of improving the look and feel of the magazine 
we’ll be changing the layout of our front cover. 

Another, unavoidable change, will be that, as a result of 
ever increasing production costs, we are having to put our 
cover price up to 85p. 

We hope you’ll like the changes and agree that E&CM will 
still be excellent value for money. 


The increase will also mean that those of you with a subscription 
will reap the benefits of their ways. For those without a subscription, 


if you’re quick enough, you can still get in at the present rate if you can 
fill in the form now. 


Gary Evans 
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The wraps have finally been taken off the microdrive. It’s been worth waiting for! 


The first prototype of the Microdrive was 
shown over a year ago at the launch of the 
Spectrum and since then there has been 
much speculation as to the exact form that 
the storage media would take. A mini floppy 
was a favourite at one time, only to give way 
to the idea that it would be a micro cassette as 
used in the Hobbit floppy tape system for the 
BBC micro. 

In fact, the Microdrive uses “cartridges” 
reminiscent of the long dead eight track 
cartridge system. Sinclair's cartridges are 
much smaller though, and measure 30mm x 
40mm x just 5mm deep. They contain an 
endless loop of tape that is about 500cm long 
and 1.9mm wide. 

The tape runs at approximately 30 ips 
when the drive is activated and the recording 
standard is very similar to that employed ina 
single density floppy disc system. 

The recording head appears to be very 
similar to that of an audio cassette recorder— 
something that’s not out of the question as the 
recording density is about 500 bits per inch. 


The drive itself is about 8 x9 x 5cm in size 
and has a LED indicator to show that it is 
active. 


Interface Details 


In order to use a Microdrive with the 
Spectrum it is necessary to use the ZX 
Interface 1, a wedge-shaped box that sits 
under the Spectrum and plugs into the 
computer's expansion port. The Interface is 
securely fixed to the Spectrum by two screws 
— Sinclair have no wish to repeat the 
problems of wobble that bedevilled the 
ZX81 RAM Pack. 

The Interface contains an 8K ROM in 
which the software to control the Drives is 
resident, In addition the Interface features a 
ULA and some additional circuitry to 
convert TTL signals to the levels required by 
the RS232 standard. The Interface also 
endows the Spectrum with a networking 
capability. 
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In Use 


Cartridges should not be in place either when 
power is first applied to the drives or when 
they are powered down — the manual warns 
that damage may result if these precautions 
are not taken. 

The first thing to do when using a new 
cartridge is to issue a FORMAT command. 
This wipes the cartridge and configures it for 
use — note that as this command wipes all 
information from the cartridge it should be 
used with care. It is possible to write protect a 
cartridge by removing a small tab which can 
be covered at a later date to allow writing and 
reformatting. 

The general form of the FORMAT 
command is 


FORMAT “ m’;d;‘‘name” 


where d is the device number — up to 8 
Microdrives can be used in tandem — while 
“name’’ is a global title that is assigned to a 
particular cartridge. The FORMAT 
command is also used to set up the baud rate 
of the RS232 driver and the first parameter of 
the command, m in this case, determines for 
which purpose FORMAT is being used. 

The save procedure is quite straight- 
forward and takes the form 


SAVE*“‘m”;<drive number>; 
“<name>” 


as with cassette storage, programs, screens, 
arrays and bytes can all be SAVEd and 
LOADed although, unlike the cassette 
system, null string files cannot be loaded. 
Another point to note, and one that will 
please Software Houses, is that a program 
SAVEd such that it auto executes cannot be 
MERGED. 


CAT<device number> 


will display all the files on a cartridge, 
although any file with a name beginning with 
CHR$0 will not appear in this list, another 
security feature. The CAT command will 
also show how much of the 100K storage on 
the cassette is available. In fact the minimum 
amount of storage guaranteed on any 
cartridge is 85K but on average 100K is 
likely to be available. q 

The Microdrive does not keep a separate: | 
file directory on each cartridge, the CAT 
command merely reads all the file headers on 
a particular cartridge. : 

File handling is possible with the | 
Microdrive. 4 
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OPEN#<stream number>;‘‘m”; 
<drive number>;‘“*<name>”’ 


permissible stream numbers range from 0 to 


15 and when opened a file can be written to or 


read from by using one of the following 
PRINT#<stream number> 

or 
INPUT#<stream number> 

for reading variables or 
INKEY#<stream number> 

to read a stream a byte at a time. 


How Fast? 


When comparing the Microdrive to a disk 
system it has a slow access time, average 3.5 


seconds, but the data transfer rate of 16K ° 


byte per second matches or betters a typical 
disk system. Against a cassette system there 
is little comparison. 


RS232 Details 


The Interface | supports two types of RS232 
file — a text file (“‘t’”) and a binary file (““b”’). 


To open an R§232 file the command form is 
OPEN#<stream number>;fS 


where f$ is a single character file name. The 
baud rate is selected by using the FORMAT 
command as in 


FORMAT“ t’;<baud rate> 


The RS232 output is via a 9 pin D-type 
socket. 


Networking 


The network capability that the Interface 
provides allows up to 64 Spectrums to be 


RS232 connections 


The RS232 socket is wired as follows: 


No connection 
TX data (input) 
RX data (output) 


n.c. 
Ground (pull down) 
n.c. 

+9v (pull up) 


Ta 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 


DTR (input) this should be high when ready 
CTS (output) this should be high when ready 


interconnected via two-core cable 
terminated in 3.5mm jack plugs. The data 
transfer rate is about 100K baud but this 
speed is achieved at the expense of 
handshaking, 

In order to pass a file between two 
Spectrums, the receiving computer is set up 
by the command 


LOAD *“‘n’;<device number>; 

“<file name>” 
and the Spectrum transmitting the data 
would use the following 


SAVE*“‘n’;<device number>; 
“<file name>” 
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And There’s More 


This brief look at the Microdrive has not been 
able to examine the full capabilities of the 
system. Additional commands such as 
MOVE (to copy data between two drives via 
the Spectrum’s RAM) and VERIFY are also 
supported. 


For further details of these and more on the 
technical aspects of the drive read the full 
review in next month’s E& CM. 


In Closing 


There can be little doubt that once again Sir 
Clive can claim to have entered the market 
with a product that is far ahead of any 
competition. At £80 for the drive and inter- 
face the Microdrive will bring a flexible mass 
storage system within reach of a vast number 
of computer users who just could not afford a 
£400 disk drive. 

It is bound to boost sales of the Spectrum, 
as if that were needed, and send a legion of 
peripheral manufacturers to their work- 
benches in an attempt to adapt the drive for 
other computers. 

The only problem is, that with the target 
production of only 20,000 Interfaces a 
month yet to be achieved, and over 500,000 
Spectrum owners waiting to get their hands 
on the drives, it could be some time before 
they are freely available. 
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Joy at Pifco 


Pifco, a familiar name in the British 
Electroc rather than electronic industry, 
has recently formed a wholly owned 
subsidiary to trade under the name 
Consumer Electronics Ltd, 

This new company will in future market 
a wide range of electronic products but has 
chosen to launch its marketing endeavours 
with a comprehensive range of joysticks. 
Consumer Electronics are not at this stage 
involved in manufacturing products and 
the Joysticks are imported Sumcom 
products. 


The range’s lowest cost joystick is the 
Slik Stick, a robust Atari compatible 
Joystic that retails at the very competitive 
price of £9.95. Moving up the range, at 
£13.95 the Starfighter stick provides much 
the same facilities as the Slik Stick but 
with a more delux appearance. Both these 
sticks have been designed for use with 
Atari computers, the Commodore 64 and 
Vic 20 machines and, by using an optional 
adaptor, with the TI] 99/4A. In addition, 
they can be used with an inteference that 
feature Atari type connectors. 

The Starfighter stick is designed for the 
Apple ITE and, as such, has a suitably up- 
market price of £39.95. In addition to the 
basic facilities of the other two ccntrollers, 
the Starfighter has both left and right fire 
buttons as well as a third button located 
on the stick’s front edge. It has a centering 
adjustment and an adjustment to control 
the throw of the stick. In addition, there is 
a hi/lo sensitivity switch in the base of the 
unit. 

The TAC 2 is the top of the range as 
far as conventional Suncom joysticks go 
and is built to almost arcade standard 


“with, for example, a steel rather than 


plastic shaft. It is priced at £18.95, 

For £29.95, it is possible to break the 
‘traditional mould of joysticks’ with a 
Joysensor. This provides touch sensitive 
areas that correspond to the shaft 
movements of ‘normal’ sticks. This design 
may take some getting used to but it is an 
interesting departure in the art. 

The sticks are due for launch in late 
summer and Consumer Electronics have 
their eyes firmly set on the lucrative 
Christmas market. 


Review Revisions 


A number of points regarding our Joystick 
reviews las month have been brought to 
our attention. 

With regard to Cambridge Computing’s 
intelligent joystick, the Company have 
asked us to point out that the fire buttons 
on the stick are independent, unlike some 
other designs and that the prices quoted in 
the article are exclusive of VAT. They 
would also like to point out that they 
market the only software programmable 
stick which features 1K of on board 
memory and this, with the software 
supplied on tape, enables it to work with 
all software, 

Atari UK have also asked us to clear up 
any confusion that may have resulted in a 
reference to an ‘Atari’ stick under the 
review of Voltmace’s products. 

The reference was to an Atari format 
stick and not to any product manufactured 
by Atari themselves. 

Finally our apologies to Midwich who 
were omitted from the review. The 
Company, together with Flight Link, 
jointly own the mould from which many of 
the casings used on British produced 
analogue type joysticks are produced. The 
Company’s BBC compatible joystick 
retails at £11.30 + VAT, making it one of 
the cheapest available. 


Games Champ 


The 1983 Computer and Video Games 
Championships reached its final stages at 
London’s Zenon Club last month. Through 
its columns, Computer & Video Games 
magazine had organised a competition that 
selected the top 18 Arcade Game players 
in this country from an initial field of over 
500. 

The final saw each of the contestants 
battling it out on six arcade machines 
before the three highest scorers went on to 
play a new machine, Gyruss, that was 
unvieled at the contest. 

After a few minutes of familiarisation 
with Gyruss, each player had ten minutes 
to battle it out on the impressive machine 
centre stage. 
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The winner was Julian Rignall, an 18 
year old, who, lucky man, keeps the 
£5000 arcade machine as his prize. 


Graphic Update 


The design for the E& CM Hi-Res 
computer's graphics board has undergone 
a number of revisions since it was first 
published earlier this year. Readers 
contemplating the construction of this 
board should send a large SAE to our 
offices (mark envelope Graphic Board 
Circuit Diagram) and we will send a copy 
of the revised diagram. 

In future copies of our high-res reprints 
will include the amended diagram. 


_ 
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Imagine’s latest 


Imagine Software have just released two 
games for the 48K Spectrum. Both are 
arcade-action games, with Zip-Zap 
revolving around a robot sent to prepare 
an unexplored planet for colonisation. 
After much laser firing and energy 
gobbling, the skilful player will achieve the 
aim of making the outworld fit for human 
beings, 

Zzoom comes complete with a latin 
motto — nomen ludi, which translates to 
‘the name of the game’. This is a multi 
level space war game wherein the player 
has to protect refugees from an enemy hell 
bent on destroying all life. 

Both games are up to Imagine’s high 
standards and make full use of the 
Spectrum’s graphics capabilities. 

Coinciding with the launch of these new 
games, Imagine have introduced a new 
form of packaging for their whole range. 
The new design can easily be recognised 
as it features a cardboard box, complete 
with colourful artwork, in which the game 
cassette nestles. 

Imagine are also committed to 
maintaining their prices for all games at 
the modest level of £5.50, at least for the 
time being. 
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Cassette 


‘Signal Conditioner 


- Although designed as a result of problems loading 
“programs into the Oric at 2400 baud, Robert 


_ Penfold’s signal conditioner will be of use with other 
pomputers that suffer similar problems. 


a 


©. This processor was designed for use with an 
+ Oric 1 computer loading at the fast (2400 
~--baud) rate. Some form of signal processing 
:, was considered necessary when attempting 
loads as results with a number of cassette 
“recorders were varied. Some machines 
‘were capable of giving adequate 
ults provided the volume control setting 
as exactly right during replay, while others 
aded no more than the first line of a 
>\program even with the volume control set at 
the optimum position. No problems were 
countered when loading programs at the 
w rate, but at 300 baud long programs take 
ral minutes to load. 
After several attempts to improve loading 
iability the final, straightforward circuit 
‘ evolved. The unit consists of a Schmitt 
tigger having variable hysteresis, and it is 
connected between the output of the cassette 
wder and the input of the computer. 
When used with a Philips N2233 cassette 
Fecc order (with added earphone socket) 
aving and loading programs at the fast rate is 
as straightforward and reliable as when using 
Jase rate, whereas it had previously been 
sible to use the fast rate at all with this 
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recorder. 

Although the processor has been specific- 
ally designed for use with the Oric 1 
computer, it could well be of use with other 
computers where loading problems are 
experienced. 


On The Slant 


Problems with loading programs from 
cassette can be due to a variety of causes. 
The use of a good quality cassette tape seems 
to be well worthwhile, and keeping the tape 
heads clean will minimise loading troubles. 
Although most cassette saving systems seem 
to have some form of tone-leader to set 
automatic recording levels properly just 
before saving commences, it still seems to be 
better to set the recording level manually 
where this is possible. 

It does sometimes happen that a recorder 
will save and load programs without any 
difficulty, but will not perform properly if it is 
used to load a program recorded on another 
machine. The most likely cause of this is that 
the azimuth setting of the record/replay head 
is incorrect. In other words, the recording is 


being made too high up or too low down on 
the tape, but this is not likely to matter when 
the machine is playing back its own 
recordings since it will scan exactly the same 
are of tape on which the recording was laid 
down. The situation is different when a 
recording made on another machine is 
played back, with the active part of the head 
being aligned with only part of the section of 
tape where the recording is present. 

Inaccurate azimuth adjustment results ina 
loss of high frequency response and virtually 
guarantees that acceptable results will not be 
obtained when loading programs you have 
not recorded yourself. The record/replay 
head is normally mounted using a simple 
screw and compression spring arrangement, 
and one way to correct the screw’s setting is 
to adjust it for maximum treble response 
when playing back a recording made on a 
correctly aligned recorder. 


Distortion Sources 


If the recorder is working as well as could be 
reasonably expected and reliable loading is 
nevertheless impossible, then some form of 
signal processor is probably the only answer. 
It is unlikely that processing the signal from 
the computer when saving will be of any use, 
since the output from the computer can 
reasonably be assumed to be within 
specification. One ploy that can sometimes 
be of benefit is to use a variable (volume 
control style) attentuator to reduce the 
output of the computer to a level which is just 
sufficient to fully drive the recorder. This 
effectively eliminates the automatic record- 
ing level circuit of the recorder and any 
problems this might be causing. 


A lack of high frequency response from the 
recorder could easily produce loading 
difficulties, and a high frequency boost 
circuit could be used in an attempt to improve 
matters. This, however, could give a high 
noise level on the output signal and might not 
be very effective in practice. In any case, 
provided the recorder is set up correctly anda 
suitable tape is employed, there should be no 
serious lack of high frequency performance 
even if an inexpensive recorder is used. 

Phasing distortion may also be a cause of 
loading problems. This is where some 
frequencies lag behind others, and is some- 
thing which is not usually considered to be of 
paramount importance in audio equipment 
since no new frequencies are generated by 
this type of distortion. Despite the fact that 
this type of distortion may not produce any 
obvious change in the audio quality of the 
signal, phase changes which have a non- 
linear relationship to frequency can produce 
quite severe waveform distortion and this can 
be important when a cassette system is used 
for digital storage and retrieval. 

It is possible to use a phase shifter to 
roughly correct any phase distortion, but 
reviewing the output from several cassettes 
on a ‘scope while playing back fast loaded 
Oric programs did not however show any 
serious irregularities in the waveform. 
Certainly nothing that would prevent proper 
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loading, and processing the signal with a 
variable phase shift circuit did not seem to 
improve performance discernably. 


Final Solution 


Using a Schmitt trigger to process the signal 
is perhaps not an obvious choice since the 


Oric 1 has a built-in circuit of this type as part © 


of the cassette interface. Adding the Schmitt 
trigger circuit of Fig 1, however, gave an 
immediate end to loading problems. All a 
circuit of this type does is to produce a high 
output state if the input signal is above a 
certain voltage, or a low output state if it is 
below a certain voltage, The two threshold 
voltages are not the same, the first being 
higher than the second, so that the circuit has 
areluctance to change state (an effect known 
as hysteresis). If a single threshold voltage 
was used there would be a tendency for noise 
on the input signal to cause multiple 
operation of the trigger as the signal passed 
through the threshold level, and instability in 
the trigger circuit could also be a problem. 

Figure 2 illustrates the way in which the 
signal is improved by a trigger circuit. 
Although the input signal is rather irregular, 
does not have particularly fast rise and fall 
times, and is quite unlike a logic circuit 
signal, the output switches ‘“‘cleanly’ 
between the two logic levels to give a good 
quality square or pulse output signal, The 
degree of hysteresis used is unlikely to be 
critical, but an inadequate amount could 
produce spurious output pulses due to noise 
on the input signal, and an excessive amount 
would make the circuit insensitive to the 
point where a sufficiently high input level 
could not be achieved. 

The circuit of Fig 1 is a straightforward 


Figure 2. The waveform shown above 
represents the unprocessed signal from the 
Oric. The effect of the conditioner is to 
clean this signal up. 


operational amplifier trigger circuit which , 


uses IC1 as a comparator. Its output will be 
high if the inverting input (pin 2) is at a higher 
voltage than the non-inverting input (pin 3), 
or low if the comparative input levels are 
reversed. RI and R2 bias the inverting input 
to half the supply voltage, and the input 
signal is coupled to this point in the circuit by 
Cl. If we ignore R5 and R6 for the moment, 
the non-inverting input of IC1 is also biased 
to half the supply voltage (by R3 and R4). 
When the input signal is positive going the 
inverting input is at the higher potential and 
the output of IC1 goes low, and when the 
input is negative going the inverting input is at 
the lower potential and the output goes high. 
It can be seen that the signal is inverted by the 
trigger circuit, but this is not of practical 
significance in this application. 


~}OUTPUT 
(T 


OOR 


The inclusion of R5 and R6 introduces the 
hysteresis, as these components will shunt 
R4 when the output is low and thus reduce 
the bias voltage at the non-inverting input of 
IC1, but when the output is high they are 
effectively connected in parallel with R3 and 
increase this bias voltage. This gives the 
different negative-to-positive and positive 
to-negative switching thresholds. The degree 
of hysteresis can be adjusted by means of R6, 
with minimum value corresponding to 
maximum hysteresis. 


Construction 


The PCB design for the Cassette Processor 
unit is shown in Fig 3. As the circuit consists 
of so few components construction should 
not give any serious difficulties. The 
CA3140E used in the ICI position has a 
MOS input stage and it is therefore advisable 
to fit it in an IC socket. 

A supply voltage of between 5 and 9 volts 
is required, and the unit can be powered from 
the 5 volt output at pin 33 of the Oric 1’s 
expansion port. The prototype was however 


i 


es\les 


Figure 3. Foil patterns of the conditioners board 
shown full size. 


o +5V FROM ORIC 
EXPANSION PORT 


IC) 


Figure 1, Circuit diagram of the signal conditioner. The circuit consists of a Schmitt trigger circuit with variable hysteresis. 
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built as a self contained unit powered from a 
PP3 size 9 volt battery, and fitted in a small 
plastic box measuring about 120 by 65 by 
40mm. Ifthis method is used an on/off switch 
must be included in the unit. 

In use the output to the computer is taken 
from the output of the processor, and the 
earphone socket of the recorder is connected 
to the input of the processor. This will 
probably require a twin lead fitted with two 
3.5mm jack plugs. Initially R6 should be set 


for about half maximum resistance, and it — 


will only be necessary to try other settings if 
the unit proves to be ineffective with this 
initial setting. The adjustment of the volume 
control on the cassette recorder should not be 
critical, and it is really just a matter of 
ensuring that the input level is adequate to 
reliably operate the trigger. Setting the 
volume control at or near maximum should 


be satisfactory. E&CM 


PARTS LIST 


Resistors (all 0.25W 5% except R6) 

Ri, 2 10k 
R3, 4 4k7 
R5 15k 
R6 100k preset 
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Figure 4. The component overlay 
of the project. Make sure that all 
components are positioned as 
shown in the diagram. 


‘Two internal views of the completed 
Signal Conditioner. 


Capacitors 

Ci, 2 2u2 63V electrolytic Miscellaneous 

G 100nF antares SK1, 2 3.5mm jack socket 
a 100uF 10V electrolytic Plastic case, DIL socket, PCB, PP3 size 
Semiconductor battery, battery connector, and on/off 
IC1 CA3140E — switch, or 20 way IDC header socket. 
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FLEX 
EXPLAINED anil 


Paul Izod and Alan Stirling continue their look at implementing the FLEX OS 
on the E&CM hi-res computer system. 


There are two groups of machine code routines that must be added to 
FLEX before it will run on the target machine. The disk driver 
routines, which control the operation of the disk drives, and the I/O or 
console driver routines, which enable FLEX to access a serial 
terminal, or keyboard and output screen. This second group of 
routines normally just link FLEX into similar routines already 
provided as part of your monitor program. Sample routines are 
provided with FLEX, together with specifications and guide-lines on 
their operation. 

These two routines should be written and checked carefully. At 
this stage a small program is typed into the machine, which will 
simulate the operation of FLEX, using the drivers that you have just 
entered. Using this program, you are able to test the operation of your 
disk and I/O drivers, by reading and writing sectors to and from the 
disk, the contents being displayed on your screen or termirial. Since 
this program which is provided amongst the FLEX documentation, 
simulates exactly the way in which FLEX will use user routines, once 
it is operating as specified, the driver routines should be saved onto 
cassette, rady to be re-loaded once FLEX has been read into the 
machine for the first time. 

This is done by entering another short program (listing also 
provided) which uses part of the ‘Read Sector’ routine that you have 
already tested. This program reads FLEX from the disk into 
memory. Once FLEX is loaded, reload the disk and I/O routines 
from cassette, These are designed to overwrite specific parts of 
FLEX, thus customising it for a particular machine. The acid test 
occurs when using the system monitor, a jump is made to the ‘Cold. 
Start’ address of FLEX, to see if all has been in vain! If all is operating 
correctly, the machine will ask for the date to be entered and then 
output the FLEX prompt ‘+++’ Success! Be careful not to hit reset 
and loose all the good work — however the more composed user at this 
point uses FLEX to save a complete copy of itself back onto the disk, 
from where it can now be booted when required. 

Before FLEX can be booted however, the boot loader program 
normally stored in the first sector of the disk must be prepared. This 
program uses the ‘Read Sector’ routine already used within the disk 
drivers, Additional code is provided to allow FLEX to be booted 
from any part of the system disk. Once entered into the machine the 
command ‘PUTLDR’ is used to store the program onto the disk. 

The final action is to inform the boot loader program of the actual 
starting track and sector number of the customised version of FLEX. 
There is a simple command (called ‘ LINK’) that carries out this task. 
Once completed, FLEX can be booted when required from this disk. 

There are a number of other programs and routines which must 
also be configured for your system, before the implementation is 
complete. The most important of these is called ‘NEWDISK’, It is 
with this program that blank disks are formatted so that FLEX can 
use them. The source code for this program is provided as a text file on 
the FLEX disk and all that need be added is a‘ Write Track’ routine. 
This closely resembles the ‘Write Sector’ routine that will have 
already been written and tested. Once this routine has been added to - STL The hes shred ed he6809 CPU board thesek 
the source provided, using the FLEX editor, the complete text file RAM board and the Disk Controller board. Some means of 
can be assembled using the FLEX assembler. This file is then added communicating with the system is also required. 
to your system disk, along with the other FLEX command files. 
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TECHNICAL FEATURE 


q 
4 
f 
" 
4 


A Sa A 


a = ae nr er = 


The Contents Of A Flex System Disk 


In order to provide more understanding of this operating system, 
below is listed all the files that are provided on the system disk, 
together with information as to their use: 


Name Type Size Description 


COR 22 This is the main ‘core’ of FLEX, and it is the program to 
which the dirver routines already discussed, are added. 


SYS A system file, holding a table of error code summaries. 
This file is automatically searched, if an error occurs. 
.CMD One of the most used commands, this gives a list of all, or 
selected, files on a disk. 
.CMD Used to copy all, or selected, files from one disk to 
another, or under a different name onto the same disk. 
.CMD Lists the contents of text files onto the screen. If no drive 
number is entered, defaults to the working drive, 
.CMD Amends the default drive number for the ‘System Drive’ 
or ‘Working Drive’. Can be set to ‘All’ if required. 
DELETE 


.CMD Use this command to delete unwanted files. The complete 


file specification is required. 


This will alter the name of a file as it is held in the disk 
directory. 


RENAME 


TTYSET A general utility used to set the default operation of your 


keyboard and screen combination. 


Prefixing a command with this letter causes the output to 
be sent to your printer instead of your screen. 


This command enables blocks of memory, normally 
machine code programs, to be saved onto disk. 


A versatile line editor program, which can be used to 
generate or edit any text file, 
ASMB The macro assembler provided with the system. The 
many options allow full control over program assembly. 
APPEND Generates a single file from the concatenation of a number 
of others. 
BUILD A simple text file generator command; quick but without 
editing facilities. 


Allows the machine to be controlled from a text file of 
commands. 


EXEC 


JUMP A simple utility to run a machine code program starting 


from a particular address, 


Used to alter or display the date as held within the 
machine. 


DATE 


18] wae Redirects output, sending it to a text file on disk instead of 
to the screen. 


The FLEX Package 


This operating system is available in a form that eases the task of 
configuring it to run on a non-standard 6809 system. Within the 
package there are two identical disks, either 54” or 8”, depending on 
the size of the disk drives that you wish to use initially. The 
information provided is identical on either size of disk. Two disks are 
provided to give you a second chance should you have an accident 
with one of them! The documentation provided covers the following 
aspects, in a manual split into 5 parts: 
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LINK This program is used to set the boot loader program to the 


start address of FLEX.SYS, wherever it is on the disk. 
VERSION Used to display the version number which can be encoded 
into any program. 
PROT Enables particular files to be protected from deletion, 
modification or appearance in disk catalog. ~ 
VERIFY Controls the ‘Read after Write’ — Verify, operation of the 
disk drives, 
PRINT Used to initiate the printer spooling system ~ if 
implemented. 


Controls the files in the print queue waiting for printer 
spooling. 


Commands a program to take input from a text file and not 
the Keyboard. 


This command deletes all files which have been used for 
printer spooling, 


A special version of the ‘Save’ command, used to save 
programs occupying the same memory area as 
‘SAVE.CMD". 


PUTLDR Used when first implementing FLEX, to store the boot 
7 loader program onto the first sector of the disk. 


NEWDISK . The source code of the ‘NEWDISK"’ program, to be 
modified with a ‘Write Track’ routine for the target 
machine, 

LOADER 


.TXT The source code of the ‘Boot Loader’ program, once 


modified with a ‘Read Sector’ routine. 
PRINTSYS .TXT 4 _ Thesource code of a sample parallel printer driver routine 
for a‘Centronics’ type printer interface. 


The following files are not to be found on the FLEX system disk 
initially, but will have to be provided in order to support a full system, 
The size of these files may vary from the figures gives, since this will 
depend upon the amount of extra code added to the original text files, 


FLEX ‘SYS 25 This is the final operating version of FLEX, combining 


FLEX.COR, with the new disk and I/O driver routines, 


.CMD 9 This is the assembled version of the ‘NEWDISK. TXT 


file, with the custom ‘Write Track’ routine included. 


NEWDISK 


This is the assembled version of the ‘PRINTSYS.TXT’ 
file, once modified with the PIA address, 


PRINT SYS 1 


STARTUP .TXT 1! This file is not mandatory, but if provided, it will operate 


as an ‘EXEC’ file on system startup, 


This is the basic list of files that make up the FLEX operating system. 
There is a wide range of extra utilities and programming aids 
available, all of which can be stored on the system disk as command 
files and selected when desired. 


Adaptation Guide - Full instructions and sample listings of 
programs and routines required to implement FLE X on a6809 
machine. 


_User’s Manual — Full description and reference manual for the 
operation of the available system commands and utilities. 


Text Editor— A complete description of the operation of the content- 
orientated editing system. 


Mnemonic Assembler — Covering the operation and control of the 
extensive Macro-assembler. 
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Programmer’s Manual — Providing the programmer with the 
information required to use the available system routines and 
functions, 


FLEX And The Hi-Res Graphics Computer 


Figure 1 shows how the HI-RES graphics system should be 
configured to run FLEX. The main boards required are the 6809 
CPU board, 64K RAM board and the Disk Controller 
board. Some means of communicating with the system is also 
required. The options are either a seria] terminal connected to the 
ACIA on the CPU board using the S-BUG monitor, the HI-RES 
GRAPHICS board with keyboard and HI-BUG monitor, or the 40 x 
24 VDU board with keyboard and SM-BUG monitor. Due to the 
design of the disk controller board, users with S-BUG will be unable 
to boot the disk directly. A new version of S-BUG, called SP-BUG is 
available. This has the correct disk boot routines. The system will be 
at its optimum performance if the 4MHz crystal on the CPU board is 
changed to 8MHz, and the links set to select a 2 micro-second cycle 
time. In fact this modification converts the system to run at 1 MHz. 
Remember that with the crystal frequency doubled, the baud rate 
generator on the CPU board will also run at twice the normal speed— 
the cassette interface may not be too happy about this... 

As already explained, there are two sets of routines required to 
link FLEX to any particular 6809 system. In the case of the Hi-Res 
Computer, the simpler of the two are the Console Driver routines. 
Since all the recommended Monitor programs for this system use an 
identical table of indirect jump addresses to routines within the 
monitor, we can use the same machine code routines to interface 
either S-Bug, SM-Bug, or the HIE-Bug graphics monitor. 
Unfortunately the jump table in FLEX does not allow the use of 
indirect addressing. Therefore use has been made of a work area 
within FLEX between the addresses D370 (hex) and D3ES (hex), 
the top of the jump table. Within this area indirect jump instructions 
are located, which will interface correctly with any of the respective 
monitor routines. 


The Console Drivers 

A listing of the assembly code required by FLEX to interface to the 
system monitor programs (Console Drivers) is available from our 
offices — please enclose a large SAE. In order to implement these 


routines just enter the hex codes under the column‘ Hex’, sequentially 
into memory starting at the hex location shown under the column 
‘Addr’. Enter either 1, 2 or 4 bytes as shown. 

Some of these routines do not require support initially, and these 
have been pointed at either RTI, RTS, or fixed memory, so as to 
disable the particular function. These are marked thus ‘%’. Once 
entered and checked carefully against the listing, store these routines 
on cassette. 


The Disk Driver Routines 


These routines are rather more complicated than those used in the 
console driver routines, since there are no useful routines provided 
within the system monitor program that can be linked into. Therefore 
these routines have to be complete in themselves; making them much 
longer than the console drivers. 

A listing of the disk driver routines is also available from E& CM's 
offices and these have been tested on both 5%” and 8” drives with 
FLEX. They only support single sided, single density operation, 
since this is the easiest way to get the system up and running. Once 
operating, those extra ‘Bells and Whistles’ can be added as required. 
As before, enter the hex codes as listed under the column ‘Hex’, 
starting at the hex address locations under the column ‘addr’. Once 
entered check carefully against the listing, and save on cassette. 

From this point it is just a matter of following the manual as 
outlined above, since the two driver routines deal with most of the 
differences between systems. If other routines are required, these can 
be developed from those already listed. 


Conclusion 


Much has been said about the advantages of a user friendly OS on any 
system, Being a staunch advocate of FLEX, over other, more popular 
‘Control Programs for Microprocessors’, I believe that a FLEX 
system running on a 56K 6809 system is one of the most powerful 
single-user systems available today. As one gains experience with 
such a system, so the true value of this operating system will become 
apparent. 


E&CM 


CM PCB SERVICE... E&CM PCB SERVICE... E&CM PCB SERVICE... E&CM PCB SE 


April 1983 | 


TV to RGB Conversion 
July 1983 

Power Control For Micros 
Relay Board 

DAC Board 

Stepper Motor Driver 


BBC Sequencer Interface 
August 1983 

Oric Output Port 

Spectrum Sound Board 
September 1983 

BBC Darkroom Timer 
Cassette Signal Conditioner 
ZX81 Sound Board 


SEPTEMBER 1983 


HOW TO ORDER 


List the boards required and add 45p post and packing 


charge to the total cost of the boards. Send your order with 
a cheque or postal order to: 


ECM PCB Service, 155 Farringdon Road, 
London EC1R 3AD. 


Please supply the following PCBs: 


Signed 
Name 


Address 
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however and 


products only the APPLE IIE stands any chance of being of interest 


| tonormal mortals and #& CM readers! The reason for this is that both 


lacks yer rage ot and fo 


an APPLE Il, because 


Anyone used t 

Hira _ improvement of 
“I keyboard was 

considered standard on other machines and because there was no 


the APPLE Ill and LIZA are aimed at the business market and this is 


teflected both in price and in hardware flexibility. The APPLE HE 
however offers an improved specification of the APPLE II and for. 
less cost. Now, while it is obvious that if you had been planning tobuy 


then there is no question: 


cabin ae should be co _ as ae fival to other machines? 


A PLE I cannot help but Hotide the. major 
by the APPLE IIE-~ the keyboard. The original 
very. frustrating for its lack of keys that would be 


simple way of upgrading it to give lower case ASCII codes, Many. 


ae “small electronics. companies have made their ‘reputations (and 
_ fortunes) by offering expensive keyboardi improvements toAPPLE Il 
owners! Now the APPLE IIE solves this serious shortcoming by 
having a full keyboard capable of, producing all 128 ASCII characters 
along with one or two ‘control functions’ not included in ASCII, In 


pioneering Apple. Pee a design | that 


particular the ‘open apple’ and‘ closed apple’ keys familiar to APPLE 


_ Tilusers have made the journey down to the APPLE JIE. In this case 
~ however these special function keys are connected via the games 


paddle ‘fire button’ inputs and this might be something to be kept in 


mind when writing new V APPLE software. Allin all the new keyboard . 


is a great relief to any APPLE enthusiast! 
To go with the keyboard, the video display has been improved to 


ee # display both uppe and lower case characters as standard, As with the 


; No ¢ one can deny that thi APPLE ca changed the face of computing 
_ when it was first introduced. Both this and the Commodore PET are 
_ the two machines that brought computers to people who knew nothing 


of electronics and simply wanted to write programs for, as the 
advertisements 


put it, “fun and profit’, Before these two 
revolutionary machines the only. low cost computer products were. 
either kits or were not really packaged as standard items of consumer 
_ electronics, For the people who accepted these limitations, because. 
_ they were happy about taking the lid off a computer now and again, 
and bought one of the early micros, the APPLE II's entry into the 


| market certainly made them wish that they had waited. It's” 


specification was difficult to believe! At a time when other machines 


needed a VDU to get them going the APPLE II had a built in 


keyboard and only needed a TV set. While most of the early machines 


only PROMISED graphics (and black and white at that), the APPLE - 


_ Il had low resolution and high resolution graphics as standard. There 
are many other features of the APPLE II that made it different for 
quite some time, but perhaps the most important was that it was the 
_ first computer to cram everything into a small typewriter sized case 
and this was a feature that was obvious to even the least technically 
experienced, In short the APPLE II managed to capture the public 
! imagination and with it much of the public’s money! 
It is difficult to say why the APPLE U was so far ahead of the 
! other machines of the period but itis probably related to the fact that it 


was designed by two engineers in a garage (in the style of so much 


i good. equipment of the time), Now APPLE is a large company and 


the garage days are far behind. The APPLE II's user base is now also 


large and once people start using a computer they tend to carry on 
using it and even to encourage others to start using it This and the 
large quantity of software available has prolonged the active life of the 
_ APPLE II even though there have been better machines around for 


some time now. As a piece of hardware the APPLE II has to be — 


regarded as history, It is obvious that if APPLE want to remain a_ 
large company then they certainly have to produce new products to 


keep up with the rest of the: ae They have been — slow | 
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_ keyboard, this is a definite improvement on the old APPLE. The 


standard machine is however still limited to a display that is only 40 


_ columns by 24 lines. This can easily be increased to an 80 column 


display as an extra, but the extra hardware is so minimal that it is 


- difficult to see why APPLE didn’t fit it as a standard option, The 80 


column card supplied by APPLE fits into a. special auxiliary 


connector placed toward the middle of the main PCB, When in 
'psosition the card looks just like an APPLE II 80 column cardin I/O 


slot 3 so APPLE II software should work fine on an 80 column 
APPLE IIE. There is also an extended memory card that offers an 


additional 64K of memory as well as the 80 column display but this,. 


of course, is more expensive. The firmware to drive either card and 
much of the extra electronics is already present on the main PCB, As 
already mentioned the 80 column cards are constructed so as to be 
compatible with existing 1 APPLE If 80 column cards but in some 
ways they are better! For one thing both the 40 column and the 80 
column video signal come out of the same socket on the back thus 
obviating the continual socket switching characteristic of so many 80 


column APPLE Ils. | 


Apart from these two bri improvements the APPLE ILE offers 
no major advances over existing APPLE Il features. There are 
however some minor modifications that are steps in the right 
direction. ‘The games paddles are brough out on the back panel as neat 


‘connectors and you no longer need to use a PAL colour card to 


produce colour displays in the UK but that’s about all. 


Compatibility, 


The other features of the APPLE HE are more by way of extensions 
and restrictions on the APPLE II's specification rather than putting 
right omissions in the original design. This said however, it is 
important to make it clear that although the APPLE IIE is a 
‘completely redesigned machine it is as compatible with the APPLE 


- TLas is possible following any design change. APPLE tried as many 
f add on cards, software and other extras > 
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si i while ba Wiput a hee elie 

been proliferating their odels, APPLE has introduced only the 
APPLE III and very recently the super computer LIZA and the 
APPLE II replacement, the APPLE IIE. Now out of this range of © 


were already committed toitinsomeway, 
that you should buy the APPLE NE in 
preference; there remains the important question as to whether the. 


HI RES GRAPHICS 2 
8K 


5K USER RAM 
2K TEXT DISPLAY 
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LIMITED STOCKS 


Brand new havard H452, power supply and Nickel charger, 
output 13 volts at 0.7A (max 1 amp) 7" x 3" x 3¥2" appx. Fully 
cased and boxed only £4.95 p&p £1.70. 


SPECIAL OFFERS wiite stocks Last 
Mullard .2"" Red LED's O6p, 7805 38p, 7805KC 5 Volt 1.5A 
75p, 78HO5 5V3 AMP £3.50, 5K%4" multiturn trim pots 14 for 
£2.50. 


DISC DRIVE BONANZA 

PERTEC FD650 DSDD 8’ £199 + VAT 

Bargain of the year: TEAC(FD SSF) 2/3 height DSDD, 40 or80 

track selectable 96TPi. Brand new, fantastic reduction 

£199 +VAT. 

FRUSTRATED Export Order. Bargain of the year. Epson FX80 

Printers. Brand new and boxed. Limited stocks. £350 + VAT 

(Carriage £12 TNT). 

MONITORS - Brand new. Fully cased. Green phosphor. 
STD Video Input 9" 18MHz bandwidth £80 + VAT 
12” 22MHz bandwidth ... £88.70 + VAT (carr. £8 TNT) 

DISC DRIVE CONNECTORS 
34 way IDC £3.25 (p&p 30p) 
54 DC Power Plug £1 (p&p 30p) 
BY DOPaWarmeiiterr sf erate akc. £1.35 (p&p 30p) 
8" AC Power Plug £1.35 (p&p 30p) 

DISC DRIVE CABINETS complete with power supply. Will 

take 1 full height drive, 2 by 42 height drive or 1 by ¥ height 

drive £30 + VAT OR £40 + VAT if purchased without a drive 
from us. (p&p £3). 

KEEP YOUR EQUIPMENT COOL. Brand new 3" box fan 220 

volts AC, 50Hz. 1uF capacitor required .... £7.95 (p&p £1) 


LB ELECTRONICS 


11 HERCIES ROAD, HILLINGDON, , 
MIDDLESEX UB10 9LS, ENGLAND 
TEL: UXBRIDGE 55399 


Pre font Neue. 
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Editing and work processing Graphics presentations . Financial modelling Data base and file 
management Sales forecasting Budget planning : Electronic mai! and data base access Small 
business accounting Project management . Teaching and traiming 


OV PECIALITY 
Call 0942-8928 18 for full details 


While stocks last 
APPLE II + 48K for only £499 (+ VAT) 
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DRAGON SOUNDS 


The Dragon’s sound generator has a lot more going for it than might be 
imagined. Mike James shows, that with a little extra software, the Dragon can be 
as versatile as any computer in this important area. 


The Dragon’s sound generator is quite different from the sort of thing 
you ll find on other micros. Rather than using a special purpose chip 
with built-in noise and tone generators it uses a D to A converter 
together with some software to produce a single tone channel, In this 
sense it can be said that the Dragon’s sound is software generated. 
This is no disadvantage if all that’s required is to play simple tunes, 
but sound effects and chords are a little difficult The standard 
BASIC sound commands are well described by the Dragon manual 
but there are still a few extra pieces of information worth giving, A few 
novel ways of using the commands are also worth explaining and will 
‘be discussed later. To learn about the fundamentals of BASIC 
Dragon sound however — read the manual first! 


The Dragon’s Sound Hardware 


The complete Dragon sound circuit can be seen in Fig 1. The major 
components are the PIA located at FF20 and the ‘one-of-four 


Figure 1. The Dragon’s sound circuit 


selector (4529), although the second Dragon PIA at FF00 does play 
a part in deciding which sound source is heard over the TV’s 
loudspeaker. Six of the PIAs lines, PA2 to PA7, are configured as 
outputs and then fed to a buffer(4050) and a resistor summing circuit. 
By a careful choice of the resistor values the outputs from the PIA 
can be combined to give a voltage proportional to the binary number 
used to set the output lines high or low. Thus this simple combination 
of PIA and resistors forms a six bit D to A converter, In other words if 
a binary number is stored in the PIA’s data register, which looks like a 
fairly normal memory location at FF20, a voltage proportional to that 
number will be produced at the D to A output. To be more exact ifn is 
the number that corresponds to PA2 to PA7, then the voltage at the D 
to A output is given by — 


Voltage = 0.072n+0.25 V 


Notice that this equation is only to be taken as a guide because the 
exact value of the voltage produced depends on the accuracy of the 
resistors and of the five volt power supply to be found in any particular 
Dragon. The only complication here is that the number that is stored 
in the PIA’s data register is in fact 4*n because the six bits used by the 
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D to A converter start at PA2. PAO and PAI are used for other 
things. 

It should be possible to see that by storing a sequence of numbers 
in the PIA’s data register it’s possible to produce any particular 
waveform that is required. This is in fact the way that the Dragon 
produces most of its sounds. The waveform produced by the 
SOUND or PLAY commands looks something like that shown in Fig 
2. This is a very poor approximation to a pure sine wave but for the 


Figure 2. Output from the PLAY and sound commands. 


purpose of sound generation it is quite good enough. In fact because 
pure sine waves sound very boring it is probably better! The D to A 
converter is also used to generate the two audio tones that are fed to 
the cassette recorder when saving programs or data. In this case the 
sine wave is synthesised to a much greater accuracy so that the tape 
recorder stands a better chance of replaying it without distortion. As a 
side effect of this dual use the output from the D to A converter is 
always available at the cassette input. This means that it is possible to 
record the output from SOUND and PLAY commands simply be 
setting the cassette to record with the standard tape recorder lead 
connected. 

The DtoA converter is the main, but not the only source of sound 
available to the Dragon. Which one is heard is governed by that 
which is fed to the UHF modulator and then to the TV set. This 
selection is carried out by the 4529 ‘one-of-four chip in Fig 1. 
Depending on the setting of the ‘sound select’ and the ‘sound enable’ 
inputs to this chip, any one of three possible sound sources can be fed 
to the UHF modulator. The first sound source is the D to A converter 
that has already been discussed. The second sound source is the 
output signal from the cassette recorder and the third sound source is 
the external sound from the expansion socket. Using BASIC only the 
first two sound sources can be selected. The D to A is automatically 
selected by the SOUND and PLAY commands and the cassette 
source is selected by the AUDIO ON command and de-selected by 
the AUDIO OFF command. 

As well as these three sound sources fed to the 4529 selector there 
is also a‘single bit’ sound source that is connected in parallel with the 
UHF modulator. This takes the form of a single line (PB1 from the 
PIA) and so all that it is necessary to do is to‘toggle’ this line high and 
low to form a pulse train. This square wave signal could be of value 
whenever a rough noise rich in harmonics was required. Normally 
PB1 is set to act as an input so if an attempt to alter its state by writing 
to FF22 is made, nothing at all will be heard. It may seem strange that 
a PIA line described as a sound source is normally set to act as an 
input. The reason is that its standard use is to detect the start of any 
signals that have been selected and routed to the UHF modulator. 
Thus it is either a ‘sound source’ or a ‘sound detector’ depending on 
how you want to think about it. 

This is al] there is to the Dragon’s sound circuitry, no special 
sound generator chip, just a few standard components. The rest of the 
sound story is about software. 
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Pitch And Duration 


The simplest sound producing command is — 
SOUND p,d 


where p is a number between | and 255 specifying the pitch of the 
tone and d is a number greater than 0 specifying the duration of the 
tone. This is such a simple command that it is difficult to imagine that 
there is anything to add to its description! The Dragon manual though 
doesn’t tell you what values of p and d to use to produce any given 
note for any given time. All that it does tell you is that middle C 
corresponds to a value of p of 89. 

The d parameter in fact specifies the duration of the sound in 
4/50ths of a second. This means that the command — 


SOUND p,s*50/4 


will produce a sound for s seconds. Working out the effect of the pitch 
parameter is a little more difficult. The SOUND command could set 
the pitch of a note either by using interrupts or a delay loop. A quick 
look at the rest of the Dragon hardware soon reveals that there is no 
suitable source of interrupts for timing each cycle of an audio note soa 
delay loop must be used. After some investigation with an 
oscilloscope, measuring frequencies for various values of p and then 
fitting the theoretical equation for the time delay produced by going 
round a loop a given number of times, the following equation was 
derived: 


| P=256—(167/1)+5*(1—1/1) 


where r is the ratio of the desired frequency with the frequency of 
middle C. In other words if Fe is the frequency of middle C then 


t=F/Fe 


(Middle C is defined as 261.6Hz on the tempered scale but to use the 
above equations accurately it is necessary to use the frequency that 
the Dragon produces for SOUND 89,d.) 

As the ratio of notes a semi-tone apart is always 2 (1/12) the 
above equation can be used to specify notes in terms of the number of 
semi-tones that they are above or below middle C. For example the 
following program will play the chromatic scale of C - 


10 DEF FNN(P)=256—167/2 (P/12)—5*(1/2 (P/12)—1) 
20 FOR I=0 TO 12 

30 SOUND FNN(J),8 

40 NEXT I 


The function FNN(P) will return the pitch number for any note if P is 
the number of semi-tones that the note is above or below middle C. 
This function can be used to produce music outside of the normal 
range that the Dragon PLAY command allows. In particular it is 
possible to produce notes one octave above the highest allowed in the 
PLAY command, 


Interrupting The Noise 


‘Any attempt to produce high notes on the Dragon using either 
SOUND or PLAY will result in a sound that is a little rough and 
noisy. The reson for this is that the Dragon carries on responding to 
interrupts every 1/5O0th of a second to keep TIMER up to date even 
while a SOUND or PLAY command is being executed. What 
happens is that just before a TV frame is about to be displayed the 
“frame sync pulse’ which marks the start of picture is used generate an 
interrupt which the Dragon’s 6809 CPU has to obey. This causes 
the 6809 to stop what it is doing and jump to the TIMER update 
routine. This simply adds one to the area of memory used to keep the 
current time and then allows the 6809 to return to whatever it was 
doing before it was ‘interrupted’. As frame sync pulse occurs every 
1/50th of a second this causes the TIMER to be incremented once 
every 1/50th of a second and this happens (with one or two 
exceptions) all the time that the Dragon is switched on. This 
interruption of whatever the 6809 is doing every 1/50th of a second 
normally makes no noticeable difference because the time taken to 
update the TIMER is very very small. When it comes to making 
sounds however, things are very different. For high pitched sounds 
the regular 1/5O0th of a second interrupt stops the delay loop that sets 
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the frequency for long enough to make a difference. This regular 
lengthening of the delay loop causes the rough noise that can be heard 
at high frequencies. The solution to this problem is easy — simply 
switch the interrupts off while the sound is being generated. Although 
this is easy enough to do, the only trouble is that SOUND re-enables 
the interrupts every time it is executed so defeating our improve- 
ments. The PLAY command is quite happy though to produce a tone 
without initialising the interrupts, except that PLAY uses TIMER to 
set the duration of the note! The only real solution is to use machine 
code but to demonstrate the difference between an uninterrupted tone 
and the standard noisy tone then try the following. First type in — 


10 TIMER=0 
20 PRINT TIMER 
30 GOTO 20 


this will print the current value of TIMER in exactly the way that you 
might expect. However now add — 


5 D=PEEK(&HFF03) AND &HFE 
6 POKE &HFF03,D 


and re-run the program you will discover that TIMER is stuck at zero. 
This is because the two new lines disable the frame sync interrupts 
and this stops TIMER from being incremented regularly. (Notice 
that the Dragon is quite good at handling hexadecimal numbers, The 
function HE X$(n) will return a string that is the hex equivalent of the 
number n and any number beginning with &H is interpreted as being 
in hex.) Now type 


PLAY “OSC” 


and a very clear tone will be produced but it will not stop 
automatically. To stop it, it is necessary to press the reset button 
which also enables the frame sync interrupts again, Following this, 
once again try PLAY “OSC” and a note of the same pitch will be 
produced but now with the noise caused by being interrupted 50 times 
every second, The difference is quite remarkable and it is enough in 
itself to drive any Dragon owner to machine code! 


Moving Sounds 

There is another good reason for using Dragon machine code when it 
comes to sound generation. A common problem to both the SOUND 
and the PLAY commands is that while any sound is being produced 
BASIC stops running, This isn’t too much of a problem as long as the 
program is not trying to animate something on the screen while 
making appropriate sound effects. If this is the case then the best that 
can be done is to move the object a little, then make some sound and 
then move the object again and so on. It isn’t really possible to do any 
better than this from BASIC and even using Dragon machine code it 
is difficult to do much better. Using a faster language like machine 
code all it is possible to do is to swap between the two actions of 
making a noise and moving the object so fast that the two things seem 
to be happening at the same time. This problem of not being able to 
make a noise while doing something else is a result of the Dragon not 
using a special sound effects chip that can get on with sound 
generation all on its own. 


PLAYing Sound Effects 


The PLAY command is described at great length in the Dragon 
manual and when it comes to transcribing tunes from sheet music to 
the Dragon it is difficult to think of anything more convenient. 
However there is one aspect of the PLAY command that the manual 
mentions but doesn’t really go into enough detail about. The PLAY 
command can be used to produce simple sound effects as well as pure 
tones. The principle is to play a string of notes at a very high tempo. 
For example try — 


10 PLAY “T155V3101 
CGCGV20CGCGV10CGCGCGV5CGCGCG” 

20 IF INKEY$=””" THEN GOTO 20 

30 GOTO 10 


which produces a sound like a gun firing. The PLAY command in line 
10 may look a little complicated but it is in fact made up of the same 
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section repeated. The first part of the PLAY string, ““T155V31” sets 
the tempo and volume to a maximum. The next part “Ol1CGCG” 
sets the octave to the lowest possible and then plays the note pair CG 
twice. This note pair is then repeated at a steadily decreasing volume, 
V20,V10, and V5 until the end of the sting. The whole effect only 
works because of the speed with which the notes are sounded. To hear 
what the play string sounds like normally change T155 to T5 and the 
effect will vanish! 

A wide range of sound effects can be generated by using PLAY in 
this way, the only trouble is that it takes quite a bit of time to change 
the play string by trial and error to make the sound that is required. It 
is helpful to think in terms of a pitch and amplitude graph something 
like the BBC Micro’s ENVELOPE command when trying to invent 
new sounds, 


Selecting The Sound Source 


As already mentioned, the Dragon can select one of three different 
sound sources — 

The D to A converter, 

The cassette input 

and an external sound source. 
The way that this selection is carried out is quite simple and although 
it is really only useful to know how to do it within Dragon machine 
code it is easier to understand from a BASIC example. The two 
output lines CA2 and CB2 from the Dragon PIA 0 at FFOO are 
treated as a two bit binary number which selects the source. Also the 
output line from PIA 1 at FE20 is used as an enable/disenable bit for 
the sound output. Putting these details together gives — 


1000 A=PEEK(&HF001) AND NOT(&H08) 
1010 POKE &HFO001,A OR(1 AND S)*8 


1020 A=PEEK(&HF003) AND NOT(&HO08) 
1030 POKE &HF003,A OR (2 AND S)*8 
1040 A=PEEK(&HFF23) AND NOT(&H08) 
1050 POKE &HFF23,A OR(1 AND E)*8 
1060 RETURN 


which will set the sound source to S and either enable it (E=1) or 
disable it (E=0). The sound source numbers are — 


S source 

0 DtoA 

1 Cassette 

2 External sound 
3 silence! 


Most of the work in subroutine 1000 is in making sure that only the 
bits that we want to alter are affected by the POKEs. While in BASIC 
subroutine 1000 is only useful for selecting the external sound output 
from the expansion socket — pin 35 — and its necessary to use a 
machine code equivalent of subroutine 1000 when making any 
sounds without the help of BASIC. 


The D/A Converter 


It is easy to use the Dragon’s D to A converter directly and so in 
theory at least its possible to produce any sound. In practice however, 
BASIC is so slow that the best its possible to generate is a low pitched 
buzz! It is worth examining how BASIC can be used to produce 
sounds directly mainly so that the ideas can be understood and then 
translated to machine code but also because it is possible to produce 
different waveforms even from BASIC. 

Using the D to A converter directly is simply a matter of selecting 
and enabling it using subroutine 1000 given earlier and then 
POKEing values into the PIA’s data register to produce the desired 
waveform. For example to produce a periodic‘ramp’ waveform use— 


10 S=0 

20 E=1 

30 GOSUB 1000 

40 FOR V=0 TO 63 STEP 4 
50 GOSUB 2000 

60 NEXT V 

50 GOTO 40 
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av ee a Tn 


2000 POKE &HFF20, V*4 
2010 RETURN 


Subroutine 2000 will store the contents of V in the PIA data register 


starting at PAl. To produce a square wave try — 


50 GOSUB 2000 
60 V=63 

70 GOSUB 2000 
80 GOTO 40 


It will soon be discovered that from BASIC the highest frequency that 
can be produced is very low! It is important though to realise that this 
is entirely due to BASIC’s lack of speed. If the same technique were 
to be used in machine code then its really possible to gain control of 
the Dragon’s sound. 


Single Bit Sound 


There is one other sound source that the Dragon can use = single bit 
sound. This is simply a PIA line that is connected directly tothe UHF 
modulator so there is no need to select or enable it. However as it is 
normally set to act as in input it is necessary to first change the line to 
act as an output. Once it is an output then all we can do is to change it 
from 0 to 1 and vice versa so producing a square wave. For example- 


10 GOSUB 1000 
20 B=0 

30 GOSUB 2000 

40 B=1 : 
50 GOSUB 2000 

60 GOTO 20 


1000 A=PEEK(&HFF23) AND NOT(4) 
1010 POKE &HFF23,A 

1020 A=PEEK(&HFF22) OR 2 

1030 POKE &HFF22,A 

1040 A=PEEK(&HFF23) OR 4 

1050 POKE &HFF23,A 

1060 RETURN 


2000 A=PEEK(&HFF22) AND NOT(2) 
2010 POKE &HFF22,A OR 2*B 
2020 RETURN 


Subroutine 1000 sets PB1 to act as an output and subroutine 2000 is 
then used to set it high and low alternately. Once again the comment 
about not being able to produce high frequencies from BASIC holds. 


AUDIO and MOTOR 


The use of the two commands AUDIO and MOTOR is well 
explained by the Dragon manual. The command AUDIO ON will 
connect the output of the tape recorder to the UHF modulator and 
AUDIO OFF will disconnect it. The recorder’s motor can be 
stopped and started using MOTOR ON and MOTOR OFF but only 
if the remote control connection is being used to gain familiarity with 
these two commands place a music cassette in the tape recorder, 
press the play button and then try — 


10 PRINT “PRESS ‘H’ TO HEAR” 
20 PRINT “PRESS ‘S’ TO STOP” 
30 MOTOR ON 

40 AS=INKEY$ 

50 IF A$=“H” THEN AUDIO ON 
60 IF A$=“S” THEN AUDIO OFF 
70 GOTO 40 


The possible uses for the AUDIO command include things like 
recording a sound track of questions for a quiz program or giving 
instructions in spoken English etc. In fact as the Dragon has the 
AUDIO and MOTOR commands who needs a speech synthesiser! 
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The only trouble is synchronisation. How is it possible to make sure 
that the program keeps in time with the tape? The answer is to use the 
sound sense input that was described in the last section as the single 
bit sound output! 


In its standard role as an input this PIA line can be used to detect 
the presence of an AUDIO signal playing over the TV speaker. The 
following function will return a0 if the speaker is silent and a1 if there 
is any sound — 

10 DEF FNS(X)=1—(PEEK(&HFF22) AND 2)/2 


(Notice that X is a dummy variable and is only included because the 
Dragon will give an error without it). Using this function a program 
can be synchronised to a tape by leaving quiet sections before the start 
of each ‘chunk’ of sound. For example find a blank cassette and 
record the words ‘ONE’, ‘TWO’, ‘THREE’ on it with a good silent 
gap between each. It is important that the silences between each word 
are very quiet and each work is clear and loud. Then rewind the tape 
and set it to play. If the single bit sound program given in the last 
section was tried, switch the Dragon off and then on again to reset the 
single bit sound line to input. Now try —- 


10 DEF FNS(X)=1—(PEEK(&HFF22) AND 2)/2 
20 MOTOR ON 

30 AUDIO ON 

40 IF FNS(X)=0 THEN GOTO 40 
50 PRINT “ONE” 

60 IF FNS(X)=1 THEN GOTO 60 
70 IF FNS(X)=0 THEN GOTO 70 
80 PRINT “TWO” 

90 IF FNS(X)=1 THEN GOTO 90 
100 IF FNS(X)=0 THEN GOTO 100 
110 PRINT “THREE” 

120 FOR I=1 TO 100 

130 NEXT I 

140 MOTOR OFF 
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By adjusting the volume control on the tape recorder it should be 
possible to get the words ONE TWO THREE to appear on the 
screen. In practice it’s necessary to be careful not to trigger programs 
on the wrong sound. Any problems in this area are almost certainly 
due to the fact that the silences between the words are not quiet 
enough. This is only a demonstration program but it can be seen that 
this same method could be used to text for the start of any recorded 
Message on tape. 


Beyond BASIC 


The Dragon’s sound capabilities are greater than the BASIC 
commands SOUND and PLAY would lead one to believe. Using 
machine code it is possible to produce white noise, chords, sound 
effects and even computer generated speech! The Dragon’s simple 
sound hardware makes it very flexible but to make use of this it is 
necessary to have the right software, and BASIC is just too slow. If 
you decide to stay with BASIC however, then there is still a lot that 
can be achieved by understanding the hardware and experimenting. 


For those of you wishing to find out more about sound generation 
on the Dragon and about Dragon machine code programming, 
the author has written two books which might be of interest. 
“The anatomy of the Dragon” is to be published shortly while 
“The Language of the Dragon — 6809 assembly programming” is 
due to be published in the Autumn. Both are from Sigma Press. 


Extend the sound 
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The movements of the ‘tracing pointer’ on the 
articulated arm may be reproduced on the 
screen either as a line drawing or as blocks of 
colour. Information is displayed on the 
screen to help you. 

These displays will be explained in the 
notes that follow. The program permits you 
to select different MODEs and expand or 
contract the drawing by entering expansion 
factors before you begin the graphics. (Try X 
factor 2.0 ,Y factor 0.5). It is also possible to 
opt for the X and Y co-ordinates of the 
tracing point to be displayed at the top of the 
screen. Instructions are given on the ‘ adjust- 
ment page’ at the beginning. 

All graphics may be saved as a tape 


PROGRAM 1 


10 MODE 7:VDU 23;8202;0;0;0 
20 REM GRAPHICS TABLE SET-UP 
30 REM EQUAL LENGTH ARMS ONLY 
40 M=9,798; F=6,234 
50 INPUT“ENTER YOUR MAGIC NUMBER" MAGIC 
60 MT=INT[MAGIC'M) 


70 FT=INTIMAGIC’F) 

80 PRINTTAB(O,15) “TARGET- moving pot.";MT 
90 PRINTTAB(O, 20)" TARGET-fixed pot.";FT 
100 PRINTTAR(28,15} ADVAL{1)DIV10 

110 PRINTTAB(28.20} ADVAL{2)DIV10 

120 FOR delay=1TO200; NEXT 


130 PRINTTAB(28. 15)" 
140 GOTO 100 


“TA Bi28, 20)" 


FUNCTION 
IN USE 


SAVE WITH 
COUNTDOWN 


X, ¥Y CO-ORDINATES 
(OPTIONAL) 


Figure 1. A representation of the display produced by the digitiser’s software. A full list of 


functions are shown in Table 1. 


recording which is easy to merge with 
another routine, so that this program may be 
used to prepare graphics data for storage and 
use in subsequent programs. 


Program Structure 


The main program is essentially linear in 
construction, consisting of a loop which 
includes the calculations, keyboard interroga- 
tion for function selection, and an executive 
section, which draws on the screen. The 
length of this loop and the deliberate non- 
disabling on the two unused ADVAL 
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channels is used as a time delay. When the 
‘Save’ function is in use, the addition of this 
procedure into the system brings the total 
delay to an acceptable figure to ensure that 
your time does not run out before the 
graphics can be completed and stored. 

The data is stored as numbers which are in 
order X co-ordinate., Y co-ordinate, colour, 
function. No attempt has been made to 
economise on memory, these numbers being 
simply written into four arrays. This, and the 
fact that the entire program is written in 
BASIC, ensures that DATA is freely 


‘ accessible for modification by inexperienced 
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Figure 2. A flow chart representation of the 
listing shown as Program 2. 


PROGRAM 3 


1BINPUT"ENTER REPLAY MODE 
mode 
28MODEmode 
38PROCDRR 
4QEND 
993; 
1Q@QQ0EF PROCDRR: REM 
E 
1016REM DrawReproductionRoutine 
23. RNB 
1020V0U23 , 234, 255, 255, 255,255,.2 
55,255, 255,255 
1930Y0U23,235,255,129,129,129,1 
29,129,129,235 
18498: 
1950REPEAT 
1@6QREADXD%, YD%,V%,0% 
197BIFQ%=99 OR Q%=8 GOTO 1158 
1089 GCOL®.Y* 
1B9QREM#=* Spare line *= 
11Q8Q0ON Q% GOTO 1158,1110,1120,1 
130,1148,1150 
LLIBMOVEXD%, YD% : GOTO115¢ 
112QDRAWXD%,.YD%X :GOTO115e@ 
1130PROCtint :GOTO115a@ 
1149‘/0US : GCOLB, 1: MOVEXD%, YO%: PR 
INTCHRS235 : GCOLO, 8: MOVEXD% , YDX: P 
RINTCHR#®234 : VYDU4 
115QUNTIL Q%=99 
1168: ENDPROC 
117QDEF PROCtint :dYx=4 
118OKKA=KD% | KZK=KD%: VYVX@YD% 


(CC) R.G.TY 


119QREPERT : REPEAT 

1200P2%=FOINT*C XZ%4+4, 99% > 

121 OPX%=POINTS X44, TVR? 

122GIFPX%=O PLOTES, XX4, VX: XXX 
HMA 4 

123GIFP2%2B PLOTES, X24, YK: KEK 
K2%+4 

12S5QUNTILPX%<>B8 AND P2Z%< 58 

1L253KXARC XKA+KL™% DIVAS | KZKBKK 


1255VVAS7 K+ 7% | UNTILPOINTS KK, 
VY4 228 

126@0IFdY%=~4EMOPROC ELSEdY%=-4: 
GOTO118690 


programmers. The more erudite among you 
can easily derive systems for saving memory 
if you need it. (Note ~ if you have the disc 
interface you will need to _ enter 
PAGE=&E00 before loading this program). 
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E - erase 


C- clear 


T-— tint 


P- print 


F - finished save 


G- get from memory 


R ~ reset 


O-— open to tape 


Functions 


The main program(CHAIN “DRAW’’) can 
now be used to draw some graphics. 
Functions are selected by pressing the key 
for the appropriate initial letters. Colours are 
selected (according to MODE) by pressing 
numbers 1-9. Try 1 to start A full list of 
options is shown in Table 1. 


Note that DATA is recorded as an ASCII 
code on the tape, and cannot be LOADed in 
the normal way. 


Program 3 is a PROCedure which 
may be used in programs to reproduce the 
graphics stored on tape. To use this facility, 
type in DEFPROCDRR and DEFPROCtint 
(from the main program) and then merge 
your data recording by typing *EXEC”’” 
(and RETURN). As a graphics tape is 
played, the DATA lines will be auto 
matically entered as though they were typed 


The arm may be moved anywhere without affecting 
the screen. A small blinking cursor shows the position 
of the tracing point. 


Lines are drawn across the screen as traced out by the 
arm. 


Straight lines between points may be drawn by 
marking a point with D, then pressing J and moving to 
a second point. Press D again, and the points will be 
joined. Most useful for copying line diagrams, 


A blinking cursor appears on the screen which may be 
guided by the arm. It erases all it touches, 


Clears the screen completely. 


Position the Move cursor inside an enclosed figure 
and press T, the area will be filled with colour. Very 
complicated shapes require several “tints” to fill them 
completely. This function also prints the relative 
areas filled upon the screen (In the function space). If 
you operate T consecutively the areas are added, but if 
you use any other function in between (e.g. M) the 
area value is set to zero. Be sure your figure is totally 
enclosed or the colour will leak! 


The number and lower case letters, but not the 
“Initials” may be printed at any point on the screen. 
Use the blinking Move cursor to position (it indicates 
the upper left hand corner of the character), press P, 
then the character you wish to print. This function 
cannot be saved in the memory. 


Puts all the screen data into the computer's memory 
(except P). 250 points may be stored in MODES 1 and 
2, and 500 in MODEs 4 and 5. A countdown (with 
‘Bleeps’) is provided to help you, If the memory is full 
you will get a Reset instruction. 


Used when sufficient points have been saved and 
cancels that function, Automatic if all the memory is 
used up, 


Recalls the memory and redraws the graphics upon 
the screen. 

Cannot be used until Save is Finished. 
Clear the screen or you won't see the effect. 


Cancels everything and starts again. 


Prepares to tape record the data in the memory so that 
you may use it in another program, 


Instructions are provided. Be sure your cassette 
recorder is ready! 


in, so ensure that the line numbers do not 
clash. 

Pauses in the tape recorder operation are 
normal with these operations, and do not 
mean it has crashed! 

The DATA may be mathematically 
manipulated by inserting instructions, for 
example, adding 600 to each X co-ordinate 
will ensure that your graphics only appear in 
the right hand side of the screen! It is also 
permissable to ‘replay’ in a different MODE 
to that used originally, try it and see. 


Operating Systems 


This program was written using OS 0.1, but 
has been checked and found to run on OS 
1.2. If you have a disc interface it will be 
necessary to enter PAGE=&E00. 

Experimenters with OS 1.2 might like to 
try using PLOT 77,X,Y as an alternative to 
the “tint” routine. If you get it to work, please 
let me know. 
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PROGRAM 2 


*LISTLIST 

1GEKKEVO"IM MOL? IM 

8 iM Lei" 

ZOREM=* 
E.G. TYE 

BOREM “DRAW 

Wlated arit linear 


tN #F411,5 


GRAPHICS TABLE #= «>? 
24JIAHI98S, Artic 
Pot, sentore, 


4B0HERRORRUH 

SOMODE? : keu=FALSE : 
=i: ¥FH16,2 

60file=FAISE: aet=FALSE i coord= 
TRUE: #FH11,8 

POVOU2Z3, 234, 253,255,235 
ae nig 255,255 ca. 235, 

»129, 129, 129,129,255 

ot eget ape storex= 
16.2 

SOP ROCheader :PROCad Just 

1BOMODEmMade. :- PRIMTTARBCO,29°7": 
YOU23,6,11;9;0;8 

11901 Fmode%<=2 THEN sizex=258 E 
LSE sizex=506 

12601" } Csizexd.VOxC sizex>.¥ 
MO slzeny Out sized: Ines zen: k 
izes! 

130VDU 23;8202;9;9:8 

140'/DU4:IF get=TRUE THEN 390 

1SQOTHA=ADYVALS 1 9“15642:REM 249 
DEG POT 

IGOTHE=ADYVALS 29715642 

178THE=< THA+THE » 

180X=COS* THE? > 'Y=sSINe THE > 

19BH4=COS¢ THC» 3 ‘*Y=SINC THC > 

2BB8HDA=INTC 6 K-RX DK LBBOKFXR 9-208 


stores=2:0% 


be 


ZIBYOR= INTC 6 'V'-V'Y ORL BGOKF'Y > 
Z2281F coord=TRUE THENPRINT TABS 
Ye " TABC 16,25" " <cPRIN 
TTRECB. 22"RK" (HDX TABCI5,29"y"; YD 
SOOS=INKEYSCB>:1F Oe="" THENS 
24O1TFOS¢ >"T" THEN Ax=0 
2501FQS="R" THEN RIN 
26QIFQ9="S" THENPRINTTABCO,3 >" 
SAVE": fi le= TRUE i key=TRUE 


2701FOS="F" THENPRINTTABS @, 39" 
“ fd lesFALSE 

28O1FQOS="Q"AND file=FALSE AND 
key=TRUE THENS40 

29G1FQS="J"THEN Qh=1:PRINTTABC 
@,2>"Join " 

FOOT FOQS="M" THEN Gx=2 > PRINT TAR 
B,2>"Mowe " 

SIBLFQS="D"RND Qx>=STHEN Qx=2: 
/PRINTTABCB,22"Move “:GOTO338 

S261FQS="D"THEN O%=3:PRINTTREC 
O,22"Draw ™ 

23B1FOS="T"THEN Q%=4 PRINT TABS 
@,25"Tint ." 

S4O0IFQ$="E"THEN @4=25:FPRINTTRBC 
®,2>"Erase" 

SS5QIFQS="C" THEN CLG: Q4=2:file= 
FALSE :PRINTTABS 8, 2>"7" 

S6EGIFQS="G"RAND file=FALSE AND 
key=TRUE THEN g@t=TRUE >: FRINTTABC 
B.2>°GET “:Kyesize% 

S7OIFOS="F" THEN O4%=6: PRINTTABC 
8,29"Print" 

380IFVAL¢ QS >< LORYALC AS > >STHEHS 
SRELSEIFR<6THENYX=VALC OS»: COLOU 
Rvs: PRINTTABC 6,29; '7% 


(BTRUE JneJIK~ 


39Q9IF Q%=1 THEN 149 

4@8GIF file=TRUE THEN GCOLB,Y%: 
PROCfile 

416IF get=TRUE THENPROCget 

428 GCOL9,Y% 

$301FQ%=s2 PLOT?79, XDx%, YDX: FORG= 
17048 (NEXT: PLOT7@, X0%, YO%: GOTO14 
8 

$401FQ%=3 DRAWXKD%, YOx : GOTO148 

45Q01FQ%=4 PROCtint : @%=2:PRINTT 
ABC O,2>" “TABS @,29;A%: IF File 
1:G0T0148 

460IFQ%=5 :VDUS:GCOLG, 1: MOVEXD 
%, YD: ¥OU 235: GCOLB,@:MOVEXO%, YD 
%:-¥DU 234:GOTO148 

S470IFQ%=6 YOUS: IF QS="P" THEN 
148 ELSEMOVE ¥D%, DX: PRINTOQS :GO 
TO 148 : 

48Q0DEF PROCheader 

498 CLS :FORI=1 TO 2 

SOBPRINTCHRS157 TABS 16 0CHR#141C 
HR#132”"GRAPHICS TABLE” 

S1@QNEXT : ENPPROC 

S2ODEF PROCad just 

530 modex=5:FXo1:FY¥=1 

S4OPRINT’CHR#134"ARE YOU PLUGG 


ED IN 7? KEY REMINDERS, " 
S5GPRINT’ CHRS134 "Move 


raze Join Clearscreen” 


Draw E 


S6GPRIMTCHRE LI" Save 
Tint Re-set¢ and ESCAPE >" 

SPOPRIHTCHRES134" Finishedzave 

Getnenory Opentape” 

SeHOPRIHTCHR#134"Initals for fu 
mstions, Twmbers calour. 
SoOE Lie See adjustable fact 
BHOPR INT’ "Default values are s 
houn in brackets toe accerpt"CH 
R13 38" ALL"CHR$1 25" of these now uy 
OW aed wnlupress”"CHR®138"SPRCE, 
“CHRSISS else pr "CHRS1L31" ANT 
letter,” 

SIBFPRINT'except"CHREL2ZI"E for 
EXIT." 

62BFRINT' CHRSC1219"MODE 1,2 25 
4; 4,5 500 pte. cS" 

SSOPRIMT? CHRS6 121 o"EXPAMSION F 
ACTOR ® 41.92" 

646F RINT’ CHRS( 131 9"EXPRMSION F 
ACTOR VY ¢1.83" 

SSOPRINT* CHRSC 131 >"DISPLAY 
QORDIWATES Ven ¢ ye" 

660G%-GETS: IFGS=" 
SE IFGS="E" GOTH185a 

670 INPUTTAES 32,17 
22,193,FX% TREC 32,219,FY 
3), coords 

63B1F coor ds< 
ALS 

SIBENDPROL 

TABDEF PROCHile 

VIGBIF I= THEN PRINTTABCO;2>" 
RESET” -GOTO768 

F2eGIF Ox=3 AND storex=2 THEN @ 
Qx=2 ELSE GO4=0% 

PBBRONE I SHOX DAC IA EYDA YRC 
Teese: Qae Ih = QQX 

740 stores=Q% 

7SQIFGX=2 ORGX=6 ENMDPROC ELSE 
In=I4-1: PRINTTABCS,39; 3% 


Print 


Ors 


co- 
" ENDPROC EL 


*, modes TAB 
TABC 32,2 


‘*" THEN coord=F 


Y6QIF I> MOOSB=6 OR J“=16THEN P 
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RINTCHRS?” 


7PRINTTAE( S, 39" 4 


77OIF In=O THEN file=FRLSE: FRI 


HTTABC 1,35" Ls 


7SGENDPROC 
7TIBDEFPROCget 


BBOXDK=KDUC HK 9 VDKR DRC KE VG 


YACKH 2 GMBAAC KH 3 


B1OK%EKY~1 
S2BIF K%=J% THEN O%=2: get=FALS 
:PRINTTAEC 8, 2 9"'7 

83@ENDPRUC 

S4OMODE7 : PROCheader 
S5@PRINT’CHR#131"ARE YOU READY 
TO RECORD 7"’ 
S6QPRINTCHRS130"Press"CHR#121" 


Y"CHRS130"to carry on _ any lett 


R 


r to " 
B7OPRINTCHRS1IO’ return ta main 


program," 


SBOIFGETS< >" Y" THEN MODEmodex: F 
INTTABC GS, 29"?" -Ox52:60T0140 
BIGINPUT’ "Please name your fil 
", DS 

SOBIFDS="" THENE9G 

SIBINFLIT’ “Starting Line nutter 
",N%: PRINT 

920D=0PENOUT« D& > 
930K%=size+2 - REPEAT 
94OK%RK%-Z: IFRS I THEN L&T 


RSCN% +" DATAG, 8,9, 99" -GOTO968 


CK% D+", 
CYRCK% 2+", 
RBCKDACKK-1 99+", 
2+", "+STRBC YC RAK 1 +" 


¢ 


SSOLS=STRHCNY 2+" DATA'+STRS KDX 
"+S TREC YDAC KN +", O+STRE 
"+STR CK 2+" FST 
"+S TRBOYDRC K-21 > 
"+S TREC OX 
Ky~1 93> 

S96QFOR 1=1TOLEN (LS » 
S7OBPUT#D,ASCSMIDS*L$,1,19% 
S3ONEXT 

SIBBPUTA#D, 13 

1600 N%eNA+2- UNTIL Kaced% 

191 BCLOSERD 

1O620PRINT’ CHR$134 0%;" [5 SAVED 


1@SOPRINT’ CHRS134"USE xEXEC TO 


MERGE DATA. “CHR®136" BACKUP? Yr 


1Q40IF GETS=""" CLS: PROCKeader : 


GOTO8S6 


1O0504F 16.4 
1860*F 11,58 


1G7OCLS: PRINT’ "CC R.G.TYE, *BY 


E" :- END 


1QBGDEFPROCtint: dv? 
IBSOAMAEHD ALAR AD | 
11Q0REPEAT : REPERT 
1110PS4=POINTS A244, 
1126PX4=POINTS KH-4, VF 
LIQBIFPKX=0 PLOTES, 4R%, VT: ARE 


RMA 4: ARAN 1 


LI4QIFPS2=GFLOTES 


24t+4 > AKBAR +1 


LISOUNTILP®: 

1160%% 

1170Y 

M7% Oo 

L1eeIFdyxe—4 EMDPROC ELSEdATi=-4 
GOTO1038 
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Seg. 


x 
3 


anne 
Ret 
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Figure 1. The set of recommended patterns for pixel printing. 


Picture 4. Ross-On-Wye 
Market Hall displayed 
using the pixels described 
in our Spectrum Image 
Processor articles (June, 
July °83). 


Picture 3. The format of 
this picture is 107 x 128 
pixels, The pixel patterns 
are shown in the Fig. 1. 


Picture 5. The same view as 
7 picture 4 but this time the 
gj display is produced using 
the pixels of Fig. 1. 


TABLE | E&CM 
GREY LEVEL 0 1 2 3 4 5 6 7 8 9 A B Cc D CE F 

PRINT CHAR. M M_ 0 Oo % O H I * ! = : : ‘ (space) 
OVERPRINT CHAR W O = O eaeinadives ans Sige eam en Ea rete ee tive SPACES. 5.5.0 site Lise nied yg daw ok is abe ead ies ) 
TABLE 2 

GREY LEVEL 0 1 2 3 4 5 6 7 8 9 A B Cc D ECE F 
CHARACTER @ @ 5 5 P P 7 7 + + = , . (spaces) 

—— 
TABLE 3 
eee 
STORED DATA 0 1 2Z 3 4 5 6 7 8 9 A B c )6DUE F 

NEW VALUE 0 1 1 z 3 4 5 7 8 A B Cc D CE E F 


eee 
SEPTEMBER 1983 ELECTRONICS & COMPUTING MONTHLY- 41 


\ 
\ 
| 
} 
| 


If a particular application demands accurate, 
high speed, analogue to digital conversions, 
hardware to meet the specification is likely to 
be expensive. For many applications how- 
ever, the requirements are less demanding — 
temperature measurements using a thermistor 
is a good example of an application where 
high speed conversion is not required. 

In such cases, slower and thus cheaper 
ADC devices come into their own. The 
TLS07 is such a device. It costs about £1.40 
and can be run from both unregulated 
supplies from 8V to 18V or from a regulated 
5V supply. 

If a SV supply is used, the input range is 
restricted to values between 1.25V and 
3.75 V. This can be limiting but, for the low 
cost of the system, is quite acceptable. 

Since the converter works on a single slope 
comparator the time taken for low voltages to 
be calculated can be very slow if BASIC is 
used. The flow diagram shown in Fig 2 
shows the programming of the TLS07 
operations. These have been converted to 
6502 machine code so that suitable programs 
can be written for the PET, BBC etc. The 


A/D CONVERTER 


Mike Furminger shows how the TL507 can be 
used as a very low cost ADC system. 


corresponding to an over range and 0 corres- 
ponding to an under range otherwise 127 
corresponds to 3.75V and each count will 
reduce the result by 20mV. 

The PET program uses the top end of the 
second cassette buffer to store the machine 
code program and the result. The program is 
called from BASIC with a SYS 950. 

The BBC program would appear to be 
pointless since there are four good ADC 
channels in the model B. The TL507 
however provides a cheap way to run extra 
channels for control purposes. 

Overall this is a one chip system which is 
cheap enough not to bother about expensive 


CLOCK 507 
HIGH, LOW 


programs shown will return a count of 128 protection circuiting, 


E&CM 


DOIN 

Figure 2. An outline of the operations 

involved in programming the TLS07 for 

Figure 1. The TL507°s pin-out together with I/O connection details for three popular A/D conversions. 


computers. 


PB \enable adc 
BBC program for use with TLS07. Although there are four BiG Necunk w 18 


A/Ds in the model B, this program and the IC allow extra : #3 
channels to be added for control purposes. PB \ reset 


1QFEM TLS? ADC as 
2OPROACP ort PB 
3OPROCassemble 
4OPRACade need \check for low range 
SQEND 
SOPEFPROCP ort en 
7@REM SET UP PORT PBO.FEL. PBS OUT: PE? IN #5 
SCP A=..FEBO . ” 
SODDPR=sFEE2 a clock ade 
{@QRCR=8FEEB 
11Q7ACR=@:REM PE REFLECTS DATA 
129ENDPROG 
13QDEFPROCassemble 
14OF OR pass =@ TO 3 STEP 
15OPR=tL0ae 
1EQLOP TRass 
17@LOR #1°STA PB \enable adc 
{S@LO™M #1Z8 scount = 128 
19@LOA #3°STA PE *. reset 
2OALDA #1 STA FB 
2PIQLOA PB-AND #128 “check for low range 
22@BEF out 
23@.clock DEX 
24Q@BED ont 
230 LOR #5°STA PB sclock ade 
2608 LDR #1-STA PB 
27Q@L0R PB:AND #128°BNE clock 


RESULT =@ 


The TL507's PET software. The program uses the second i 
cassette buffer to store both the program and result. | 


REM TLS? 


REM SET UP PORT PAG,1,2 OUT.PA7: IN 
POKES9459, 127 

REM POKE DATA INTO BUFFER 

FOR Ke@To4s 

2ee@. out THA RE D 

S98RTS POKES5SO+K.D 

3003 - NEXT r@ NEXT 


FEM FUN ADC WITH S¥S950 
32QDEFPRACadc REM _RUN H 
BQR%SUSRCLDAB) AND 25S 208 SYS958 
R4@1FR%=0 THEN PRINT"TO0 LOW" 216 PRINT"RESULT="; PEEK¢ 1017) 
A5QIFR%=128 THEN PRINT"TOO HIGH" 1080 DATAIG69. 1,141.79,232,162, 128,169.3 
AEOPRINT"RESLILT =") 2% 1016 DATA141.73, 232. 169.1.141,79,232 
37QENDPROC 102@ DATAI73,79,232,41.128.240,20, 202,240 
1038 DATAL7. 169,5, 141, 79,232,169,1.141.79 
RIN 1846 DATAZ32,173.79,232.41, 128,208,236, 138 
e080 OPTP ass 1856 DATA141,249.3,96 
@082 AD @1 LOR #1 READY. 


B1QENDPROC 


SEPTEMBER 1983 ELECTRONICS & COMPUTING MONTHLY-43 


TECHNICAL FEATURE 


ZX Video Techniques 


Part 1 


Michael Graham explains the advantages of direct video connections to 
computer systems with particular reference to the ZX computers. 


The failure of the ZX81 and Spectrum to 
make available any video output other than 
the UHF modulated signal has a number of 
disadvantages. First and foremost, it means 
that the quality of the display produced by 
the computers will be limited by the modula- 
tion/demodulation processes. The Spectrum 
suffers particularly in this area. Another 
drawback imposed by the lack of a direct 
video output is that neither machine can be 
easily used in any creative video situations, 
ie. combining the computer's output with 
that of a video recorder either for titling home 
produced video tapes or for developing 
interactive programs. 


Loss Of Quality 


Before going on to describe the ways in which 
video signals can be extracted from the two 
Sinclair computers, we'll briefly discuss the 
reasons behind the loss of quality that results 
from the process of modulation and subse- 
quent demodulation. 

To do this, we'll look at the bandwidth 
requirements of the Spectrum’s 32 column x 
22 line display. As a first step it’s necessary 
to appreciate how a screen of information is 
built up. 

The TV screen is scanned in a series of 
horizontal lines, some 312% lines are re- 
quired to build up a full frame (two such 
Frames go to make up the familiar 625 lines 
of one field), Starting from the fact that there 
are 50 scans of the TV tube in one second it’s 
possible to calculate that to scan any one line 
takes 

(1/50) = 64us 


3125 
of this line scan only about 50uS is spent 
forming the display, the rest is taken up by the 
sync pulse and end of line blanking signals. 
During this 50uS the 32 characters forming 
the Spectrum’s display must be produced. 
Each of these characters is formed by an8 x 
8 dot matrix and thus in any one line the 
number of pixels scanned is 8 x 32 or 256 
pixels. From this, it can be calculated that the 
time taken to form just one pixel is 

50/256 = 0.195uS 
using the relationship that frequency is the 
inverse of period, this gives a figure for the 
bandwidth required to adequately resolve the 
display of 

1 


0.195uS 


= 5.13MHz 


The calculations above are fairly crude, but 
the derived figure for the bandwidth require- 
ment is fairly accurate. In relation to the 
specification of a standard TV set’s fre- 
quency response, this sort of figure for 
bandwidth is near the limits of performance 
of even a high quality set. Certainly many or 
the cheaper portables do not provide this sort 
of performance. 

The shortcomings in performance are 
associated almost entirely with the RF 
sections of the TV set where the bandwidth of 
the circuitry is only one of many parameters 
that have to be traded off against each other. 
In general, there are fewer problems in 
meeting a 6MHz or greater bandwidth when 
designing the video driver circuits. 

There is an additional difficulty too, in the 
form of the chroma trap. ~ 


Colour Circuits 


When colour TV was first introduced to the 
UK, the brief of the engineers designing the 
system was to devise a system that would 
operate within virtually the same bandwidth 
as a monochrome TV signal. As, in general, 
it’s true that as the amount of information 
that’s required to be transmitted increases, so 
do the bandwidth requirements increase, it’s 
clear that some tricks were required to 
transmit colour pictures within the imposed 
limits. 


The solution adopted was to superimpose 
the colour information onto a subcarrier and, 
by choosing a suitable subcarrier frequency, 
cause minimal effects on the monochrome 
signal. The subcarrier frequency is in fact 
4.43MHz and any colour TV set has filters in 
the signal path to both extract this signal, to 
reconstitute the colour information, and to 
remove signals at this frequency from the 
luminance channel. The latter task is 
performed by the above mentioned chroma 
trap. 

Removing a band of frequencies around 
4.43MHz has an adverse effect on the 
definition of a display as it is interfering with 
the high frequency information that the 
calculations above showed to be essential, 


Implications 


The inclusion of the chroma trap in all colour 
TV receivers explains why monochrome TV 
sets will often give superior results to colour 
sets. In addition, the bandwidth problems 
associated with the RF sections of a TV set 
explain why it is preferable to use a direct 
video connection to a monitor. 


ZX81 Mods 

The company Astec have cornered the world 
market in vision modulators and this is 
fortunate as it’s easy to identify the vision 


UHF OUTPUT 


MODULATOR 


VIDEO OUTPUT 


Figure 1. Diagram showing the points on the ZX81’s PCB to which the direct video 


connections are made. 
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take off, points on their standard ch 36 
modulator. The signal required by the 
modulator is also fairly near to a standard 
composite video signal which again makes 
the task of extracting a suitable vision signal 
easier. 

Before undertaking this modification it 
should be borne in mind that it will invalidate 
any guarantee that may be in existence on the 
computer. 


The first step is to open the Z81 by 
removing the four screws that hold the case 
together. To achieve this it will be necessary 
to remove the rubber feet on the base by 
prising them off with a sharp knife. 

With the bottom half of the case removed, 
the underside of the ZX81’s PCB will be. 
revealed. The tin case of the modulator is 
easily spotted and Fig 1 shows the points at 
which the video signal can be extracted. The 


DEO FROM 
Mere o—f| 
cl 


100u 


Figure 2. Circuit diagram of the buffer stage that may be necessary in 
order to convert the high impedance video output of the ZX81 to the 


standard 75R level. 


£2.95 
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Hi-RES COMPUTER 


For those of you wanting to catch up 
on this project we've put together a 
complete re-print of the articles up 
to and including May 1983. 

The pages are attractively bound 
and the tome provides all the details 
necessary to build a powerful 6809 
based system capable of running 
the industry standard FLEX OS. 


Fully Inclusive of VAT and p&p. 


Send orders to Electronics And Computing (Reprints), 
155 Farringdon Road, London EC41R 3AD. 


best cable to use is a light weight screened 
audio cable and the screen should be con 
nected to the right hand mounting lug of the 
modulator. The centre core should be 
connected to the PCB as shown, the correct 
point can be verified by making sure that it 
corresponds to one of the wire connections to 
the modulator on the PCB’s topside. 

In most cases, however, the output 
impedance of the ZX81 is not the standard 
75R used in video circuits and with some 
monitors this may give rise to problems. 

The circuit of Fig 2 can be used to convert 
the signal to a75R impedance. This circuit is 
a straightforward emitter follower that per- 
forms the impedance conversion without 
inversion of the signal. 


The circuit can best be built on a small 
piece of veroboard and can be powered from 
the ZX81’s 9V rail. 


RE 
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MICRONET 800 
COMPETITION _ 


Send your completed crossnumber 
grid, published last month, together 
with this coupon to:- 


ELECTRONICS AND COMPUTING 
(COMPETITION) 

155 FARRINGDON ROAD 
LONDON 

EC1R 3AD 
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Sync Sep 
In some applications it may be necessary to 
separate the sync signals from the video 
signal. The circuit of Fig 3 can accomplish 
this. The circuit is driven by a composite 
vision signal and, by virtue of the values 
chosen for the resistors biasing Q1’s base, 
provides an inverted sync pulse at the 
transistors collector and a non-inverted 
video signal at the emitter. 

This circuit would be suitable for driving 
the green input of an RGB monitor requiring 
separate syncs. 


Next Month 


This article has shown that it is relatively 

easy to obtain direct video signals from the 

ZX81. The problem is lightly more complex 

when it comes to the Spectrum as some 

decoding fo the colour signal is required. - 
Full details next month. 


Figure 3. Circuit of the sync separator that may be necessary if the 
ZX81 is to drive certain types of RGB monitor. 
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Each month Harry Fairhead will look at a selection of recently published books and software. 


The vast array of books and software 
currently available presents the micro- 
computer user with a bewildering choice. 
This page is intended to help readers by 
presenting an informed and considered 
opinion about a couple of books and pieces of 
software each month. Because space is 
limited, this review page will be selective, 
and only books and software that seem to 
offer a good deal will be included. Every 
book reviewed on this page can be obtained 
through the ECM Book Service. 
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The Complete Spectrum ROM 
Disassembly 

by Dr. Ian Logan & Dr. Frank O’ Hara 
Melbourne House, 1983. 


This book is remarkable for being among one 
of the longest assembly language listing ever 
to be published! For this reason alone the 
Spectrum ROM Disassembly must be of 
interest to Z80 and other assembly language 
programmers. The book consists of a 
commented listing of the 16K ROM program 
that provides all of the Spectrum’s facilities — 
including ZX BASIC. The listing is pre- 
sented in fairly logical chunks and the 
comments do help sort out what is going on 
where. There is very little general discussion 
of the overall structure of the program 
however, and the inclusion of such comments 
would make it easier and quicker for the 
newcomer to the ROM to sort out what is 
going on. In the same way some discussion of 
the overall hardware structure of the 
Spectrum would serve to place the software 
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in context. As the ROM disassembly already 
extends to 236 pages though it is easy to see 
why these extra items were left out in favour 
of ‘straight listing! To get anything like the 
full value from the listing it is important the 
reader has a good grasp of Z80 assembly 
language. In addition a rough idea how an 
interpreter works will help. Even if know- 
ledge of these two areas is not what it should 
be it will still be possible to examine the 
machine code subroutines that provide the 
simpler services to a running BASIC 
program — e.g. the BEEP subroutine — and 
possibly find ways of incorporating them into 
assembly language programs. 


This book is not for the beginner, not even 
the tyro assembly language programmer. It is 
a must for any reasonably competent 
assembly language programmer however, 
even if the Spectrum is not one of the 
machines of interest. The reason for this is 
that the opportunity to examine a BASIC 
interpreter is rare and not something to be 
avoided! Even those not contemplating 
writing or modifying an interpreter will learn 
much about Z80 programming techniques. 
The Spectrum owner with an interest in how 
it works will find anything they need to know 
about its software is in the ROM disassembly. 


THE 
BBC MICRO 


ON expert quicle 


The BBC Micro! An Expert Guide 
by Mike James 
Granada, 1983. 


Mike James needs no introduction to readers 
of E&CM and you will probably know his 
informal yet informed style from his regular 
articles. Mike is an unashamed fan of the 
BBC Micro and many will share his 
enthusiasm. This book is both easy to get into 
and extremely useful in furthering under- 
standing of the BBC Micro’s hardware and 
software. One of the book’s main strength is 
its presentation of hardware details to 
explain how to program the BBC Micro. Lots 
of programming examples are included 
throughout and many of these are useful as 
well as illustrative. This book is not for the 
absolute newcomer to computing. In order to 
get the best from it the reader should have 
done at least a little programming of their 
own and should be familiar with the 
fundamental ideas of computer hardware. 
On the other hand, this book is one that will 
reward reading and re-reading. It contains so 


much information that it cannot all be 
absorbed at once. In common with other 
computer books from Granada, this book is 
well produced. It has helpful diagrams and 
the programs, which are reproduced directly 
from printer listings, are clear and easy to 
read. In conclusion, this book combines 
readability with a clear exposition of highly 
technical information. 


TFRYIGTFID SOP TILA 
Logo 2 
Cassette 
BBC Model B 
from Computer Concepts, 
16 Wayside, 
Chipperfield, 
Herts. 


LOGO is a simple computer language which 
has a special place in computer education. It 
was designed to teach the concepts under- 
lying computer programming, namely, the 
idea that the computer obeys the commands 
it is given that the programmer can build up a 
list of such commands and that commands 
can be repeated or combined in various ways 
to produce different effects. LOGO is a 
language based around the now familiar idea 
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of turtle graphics. In this case the turtle is a 
triangle on the TV screen that can be moved 
around using commands such as 
FORWARD 100:RIGHT 45 and so on, 
The tutle can either leave a ‘trail’ behind him 
or just move to a new position. In this way 
patterns and drawings can easily be pro- 
duced by typing in direct commands and 
seeing the resulting lines appear immediately. 
Alternatively, it is possible to define words 
(essentially subroutines) that can be used to 
extend the language. There are rudimentary 
REPEAT and IF statements and these are 
quite enough to give anyone a taste of 
programming without getting involved in a 
full programming language. This implemen- 
tation of LOGO is easy to begin to use and 
immediately rewarding. It would indeed be 
valuable in the classroom. The only reserva- 
tion is that the manual does not go far enough 
to enable the novice to use all the facilities of 
this version of LOGO, It is important to 
notice that apart from drawing interesting 
patterns, LOGO is not a language that 
anyone would use for anything other than 
education but as such it makes a good 
introduction to programming for very young 
children or even adults who have yet to make 
the acquaintance of a personal computer. 


DASM - A Dragon assembler 
Cartridge 

Dragon 32 

from Compusense, 

286d Green Lanes, 

Palmers Green, 

London N13 5TH 


The Dragon is an excellent machine to learn 
assembly language on because the 6809 that 
it uses as its CPU is particularly logical and 
free from quirks of operation. The only 
trouble is that (unlike the BBC micro) it 
doesn’t come equipped with a built-in 
assembler. DASM from Compusense is 
designed to fill this gap, which it does very 
well indeed. Supplied as a cartridge it is quick 
to use and eliminates the long waits associated 
with loading an assembler on tape, The 
assembly language commands are entered 
just like a BASIC program. That is, the 
commands are entered using line numbers, 
more than one command can be placed on a 
line using colons as separators and the 
standard EDIT command can be used to 
correct errors. In addition the program can be 
CSAVEd and CLOADed as normal. 


Indeed, from the Dragon’s point of view, the 


assembly language program looks just like a 


Electronics & Computing 
Needs You 


We are looking for someone to fill the very 
important position of Assistant Editor. 


The job will entail a wide range of duties 
concemed with the production of the 


magazine, 


We are looking for someone with a 
knowledge of the Electronics/Computing 
industry and, ideally, someone with some 


journalistic experience. 


To apply for this post write enclosing a CV to:- 


Alfred Rolington 


Electronics and Computing 


Scriptor Court 


155 Farringdon Road 


London ECIR 3AD 
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BASIC program with errors in it! Once 
assembly language program has been typed, 
DASM has to be invoked to turn it into 
machine code. This is done by placing an 
EXEC &HCFFA just before the assembly 
language. DASM returns control to BASIC 
once it has finished and this means that it is 
possible to place lines of BASIC both before 
the machine code and after it, thus giving a 
certain degree of mixed BASIC/assembler 
programming. DASM is a full two pass 
assembler with very few restrictions. It uses 
the Motorola standard mnemonics apart 
from the change from [|] to() and the need to 
place @ in front of every label. 

Although DASM is not a powerful 
assembler (it has no macro nor conditional 
assembly facilities) it is easy to use and 
brings assembly language to the Dragon with 
almost as much ease as BASIC. The only 
real complaint is the poor quality of the 
manual. The manual quite reasonably makes 
no attempt to teach 6809 assembler as there 
are a number of good 6809 books on the 
market. The fact that it is a rather tatty leaflet 
though lets down a piece of quality software. 
If a simply easy to use assembler for the 
Dragon is required however, then DASM 
will not disappoint you. 


E&CM 
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TECHNICAL FEATURE 


CROTECH 3337 


A full-function dual trace oscilloscope from Crotech-Aplab, reviewed by 


David Green, B.Sc. 


Over the past few years, Crotech Instruments have designed a series 
of function-specific oscilloscopes, each suiting particular niche in the 
hobbyist/professional market. For instance, the complete range 
includes the model 3030 — a 15MHz single beam scope with a built- 
in circuit tester. 

The 3337 reviewed here, however, might be thought of more as a 
general purpose test instrument, since it combines accuracy with a 
wide variety of features. It is a 30MHz multi-trigger, dual beam 
*scope with a basic vertical sensitivity of 5mV per graticule division 
(i.e. 5mV/cm). The time base is continuously variable — as are the 
other controls — or calibrated across a range of 0.2us/div to 1 s/div, 
which may be extended using the x5 magnifier push-button. This 
facility effectively increases the range to between 40ns/div and 
2.5s/div — quite useful limits for measuring very high and very low 
frequency signals. 

Composite or alternate triggering is possible and level selection 
operates in both auto and normal modes. Indeed, the 3337's 
superficial qualities alone evoked an air of conscientiousness which 
outweighed its few shortcomings. 


Scope For Expansion 

The Crotech 3337 has in impressive specification (Table 1), despite 
its reasonable cost and attention to detail. Accuracy was quoted at 
3% for both horizontal and: vertical amplifiers, rising to 5% on the 
sweep ranges (time base). It’s a pity, however, that this did not extend 
to the calibration output, which, whilst being well within the 1% 
tolerance for amplitude, was outside the quoted frequency of 1 kHz, 
being measured at 670Hz — not very satisfactory for checking your 
timebase, though to be fair it was not intended for that purpose. The 
square wave produced was not very clean, with a symmetrical 
vertical over-shoot, but other parameters checked out perfectly, so 
possibly this was a fault peculiar to the review sample. 
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A good feature with this scope is that most of the control functions 
are accessed via a column of push-buttons down the right hand side. 
The top three set up operating mode, sweep magnification and 
auto/normal triggering, with two extra buttons used to activate the 
‘single shot’ and ‘reset’ for special sweep triggering. This facility was 
found to be particularly useful, since it was possible to catch an 
‘event each time it occurred. 

Apart from the usual +/—, AC/DC and INT/EXT switching 
found on most oscilloscopes, the 3337 has provision for 
alternate/chop modes on channels I+II and III (using the invert 
button), making it an easy matter to sum or difference two signals. 
Employing this technique, however, highlighted another minor 
shortcoming ~ there’s no ‘beam locate’ switch, leaving the operator 
the task of hunting a trace using the X and Y shift controls, Perhaps, 
the inclusion of this small luxury would have been of benefit? 


Fixed or Variable? 


By far the most innovative aspect of the 3337 is the dual control 
option on all the main potentiometers — the time base and both of the 
X amplifiers’ attenuators. This allows the operator to choose whether 
he wants accuracy (CAL) or convenience( UNCAL) to take priority. 
If the latter is the case, for instance when it’s necessary to fill the 
screen with a waveform, then the variable option is selected (a small 
light shows when the calibrations around the knob no longer apply). 
Doing this produces a range of settings between the two calibrations 
nearest on the control knob, and in use, this provision made it very 
easy to both measure waves, and get the right display for other 
purposes. Full credit to Crotech for such a design insight. 


TABLE 1 
Specifications for the Crotech model 3337. 


Operation Modes: Single, dual, add, subtract, X-Y 

Sensitivity: Vertical 5mV/div to 20V/div, 

continuously variable up to 50V/div. 

Horizontal 5mV/div to 20V/div in 12 

steps (cal). 

Time base sweep speeds from 40ns/div 

to 2.58/div or 0.2us/div toi 18/div (cal). 

Vertical and Horizontal 3% 

Time base 5% 

Vertical DC to 30MHz (—3dB) direct 

coupled 

10Hz to 30MHz (—3dB) AC coupled 
{rise time = 11.7ns) 

Horizontal DC to 3MHz (—3dB) 

1M in parallel with 35pF (Vert and 

Horiz)} 

200mV peak-to-peak at 1kHz (approx) 


Accuracy: 


Bandwidth: 


Impedance: 


Cal Out: 
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In conjuction with the above dual measurement modes, the basic 
sensitivity of both X amplifiers and the time base scale is certainly 
wide enough to cover a host of applications. The time base, however, 
has the additional enhancement of a x5 multiplier on the vertical 
push-button column. So, should you find it desirable to lengthen a 
wave on the screen, the button does it without the need to change the 
timebase settings. Just one more example of good design sense one of 
the qualities of the 3337 is — once a wave has been positioned on the 
screen, it is possible to make all’ the required measurements and 
analyse them with a minimum of changes in the settings of the 
controls. 


What’s On Display 

As can be seen from the photograph, the cathode ray tube used in the 
scope, despite emerging onto a rectangular graticule, is terminated by 
a circular face (13cm diameter). It has a yellowish-green phosphor 
(P31), which, with the 3337 requires an accelerating voltage of about 
10,000 volts. Both traces were extremely clear as a result, though 
there was a tendency for ‘bowing’ towards the centre. 

Signals being displayed on the screens could be shifted off the 
graticule in both vertical and horizontal directions, but it was not 
possible to change the width of either trace without adjusting an 
internal preset— a small irritation when you wish to study the extreme 
ends of a wave. 
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The real challenge for a scope which boasts a frequency response 
up to 30MHz, lies in its ability to display traces at the top of the range 
without loss of clarity. In this respect the 3337 performed as well as 
scopes costing at least twice as much. Signals retained a clean 
appearance and were well defined even with the x5 multiplier 
switched in. 

At the other end of the scale, low frequency signals were just as 
easy to display. The traces were neither ‘blotchy’ nor distorted in any 
fashion and the flyback was undetectable — quite a feat at low sweep 
speeds. All of the amplitude/ shift controls functioned perfectly right 
across the time base range and waves were easy to stabilize on the 
screen regardless of sensitivity séttings. As mentioned earlier, there’s 
no doubt that Crotech have spent a lot of time making sure that the 
3337 can be set, then left, without recourse to constant re-adjustment 
due to drift. 


A Few Last Words 


After spending several hours working with the 3337, it has become 
somewhat of a permanent addition to my test bench (pity Crotech 
wanted it-back!). Even taking into account the few minor points 
which, with a bit of attention, could be resolved, the scope was found 
to excel at providing exactly the right sort of information with the 
minimum of adjustment. Different modes are organised so that 
altering a particular parameter is merely acase of switching in or outa 
single button. So, if you are thinking of buying a dual beam scope with 
all the facilities and none of the fuss, then the 3337 should definitely 
be on your list. It comes complete with a pair of modest, yet accurate, 
test leads and costs £@@@. : 


The 3337 is manufactured by Crotech-Aplab 
and sold by the Electronics & Computer 


Workshop, Chelmsford, Essex. EG&CM 
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BBC DARKROOM 
TIMER 


The BBC model B with its in-built timer and 
latched output port is ideally suited to a range of 
control applications. John Baker has designed a 
Darkroom Timer that makes full use of the 
computer's facilities. He also describes mains 
isolation techniques in general. 


The main requirement of any interface is that 
there should be no direct connection of any 
kind between the computer and any mains 
powered equipment so that the computer 
remains isolated from the mains supply. The 
simplest form of interface is a relay but 
unfortunately, relays that are capable of 
operating from the 5 volt output from a 
microcomputer either require a low operat- 
ing current but are incapable of handling 240 
volts A.C., or are capable of handling 
powerful mains loads but require high 
operating currents. 

A relay is a perfectly satisfactory method 
of interfacing where a suitable power source 
is available, and the circuit diagram of Fig 1 
shows a circuit that works well with the BBC 
model B microcomputer. Q1 is used as a 
common emitter switching transistor with RI 
giving current limiting (where necessary) in 
the base circuit. The relay coil is driven by 
the collector of Q1, and D1 is the normal 
protection diode which suppresses the high 
voltage spike which would otherwise be 
generated across the relay coil each time it 
was switched off. A set of changeover relay 
contacts is used here as a set of normally 
Open contacts which connect the “live” 
mains supply through to the output when the 
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PBO input is at logic | and the relay is 
activated. 

The circuit requires a 12 volt supply witha 
supply current of about 40 milliamps when 
the relay is activated. The BBC model B 
microcomputer has a suitable supply output, 
but with most other machines it would be 
necessary to add a 12 volt power supply 


using a step-down and isolation transformer. 
The relay is an Omron type having a 12 volt 
306 ohm coil and contacts rated at 8 amps 
with a 240 volt AC supply — this is available 
from Maplin Electronic Supplies Ltd. 


Opto-Isolator 


There are alternatives to using a relay these 
days, and many would no doubt regard a 
relay as being old fashioned and out of date. 
In fact a relay often represents the best 
solution to switching problems due to its 
inherent isolation between the controlling 
and controlled equipment, and because no 
significant power is lost through the switch- 
ing element of the device. Semiconductor 
switching devices tend to dissipate a few 
watts when handling fairly large currents, 
and while this loss of power is unlikely to 
have any noticeable effect on the controlled 
equipment it does give the problem of heat- 
sinking the switching device to prevent over- 
heating, 

A triac is the semiconductor device 
normally used for controlling AC loads, and 
this is used in the manner shown in Fig 2. A 
bias current of typically about 20 milliamps 
(and either polarity) is applied to the gate and 
MT] terminals, and the device then conducts 
between its MTI and MT2 terminals with a 
voltage drop of only about |.2 volts through 
the device. Once biased into conduction the 
device remains in that state even if the input 
bias is removed, but only if the current flow 
between the MTI and MT2 terminals 
remains above a certain level (usually about 
30 milliamps). When an AC signal is being 
controlled the MT! to MT2 current falls to 
zero at the end of each half cycle, and for 
most practical purposes the triac can be 
regarded as switched on when the bias 
current is present and switched off when the 
bias is absent. 

It would not be safe to operate a triac direct 
from a micro computer since one side of the 
mains supply would be connected to the 
output of the microcomputer. Some form of 
isolation circuit must therefore be used 
between the micro and the triac, and an opto- 
isolator is probably the most convenient way 


Figure 1. A relay circuit that can be used to control mains powered equipment with the BBC 
model B computer. 
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Figure 2. A basic Triac circuit. Applying a 
low voltage current of about 20 mA to the 
gate terminal of the device will allow mains 
current to flow between the MT1 and MT2 
terminals, 


of doing this. These days there are various 
types of opto-isolator, but they all consist of a 
light emitting diode (LED) with its output 
directed at a photosensitive semiconductor 
device of some kind. In the early devices the 
photosensitive device was a photodiode of 
phototransistor, but in more recent devices 
photothyristors and phototriacs are used. 
Opto-isolators are contained in an opaque 
encapsulation so that ambient light is kept 
away from the photosensitive element. 

The basic idea is that with no input to the 
LED the photosensitive element is in com- 
plete darkness, and whatever type of semi- 
conductor device is used, it is switched off. If 
the LED is switched on, the light received by 
the photosensitive element results in a strong 
leakage current being passed, and this is 
effectively the same as biasing the device into 
conduction in the normal way. There is no 
direct connection from the LED to the 
photosensitive element however and the 
required isolation is thus obtained. Most 
devices can withstand at least 1500 volts 
without breaking down and passing a current 
from the LED side of the component to the 
detector side, which is more than adequate 
for use with the 240 volt AC mains supply 
which has a normal peak level of just 340 
volts. 


Practical Circuit 


In some cases it might be possible to simply 
feed the LED of atriac opto-isolator from the 
output port of microcomputer with the triac 
side being connected in series with the “live” 
mains lead to the controlled equipment. This 
will not usually be possible though as the 
output current from the microcomputer will 
often be inadequate to drive the LED of the 
opto-isolator properly. An opto-isolator 
actually only needs a drive current of a few 


milliamps, but the output current from the 
user port of a micro can be very limited 
indeed. A test on the BBC model B micro, for 
example, gave a LED current of just over 1.5 
milliamps. Another problem is that the only 
triac opto-isolator which is readily available 
at present can control a maximum (RMS) 
current of 100 milliamps, which represents a 
maximum power of just 24 watts with a 240 
volt mains supply. This would be inadequate 
for most applications. 

These problems can be overcome using the 
circuit of Fig. 3. Here an emitter follower 
buffer stage (Q1) plus current limiting 
resistor (R1) are used to provide an adequate 
LED drive current, and the triac section of 


TRIAC 


ISOLATOR 


Figure 3. In order to fully isolate the computer from the mains 
supply it is necessary to use a Triac Opto-Isolator. Transistor 
QI buffers the output port and, together with RI, ensures 
adequate drive current. 


the opto-isolator is used to switch on a higher 
power triac when the opto-isolator is 
activated. The C146D triac has a current 
rating of 10 amps which gives a maximum 
load power of 2400 watts using the 240 volt 
mains supply. However, the triac would need 
to have a substantial heatsink in order to 
control powers of this order, and about 500 
watts would be a more practical power limit, 
or around 750 watts if the triac is fitted with a 
small bolt-on heatsink. 


The circuit can be driven from any normal 
MOS or CMOS output which is operated 
from a supply of about 5 to 10 volts. TTL 
outputs have a much lower logic | output 
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voltage, and it might be necessary to alter the 
value of RI and make other modifications to 
the input circuit in order to obtain satis- 
factory results with TTL circuits. 


The Software 


For an enlarging exposure timer to be of any 
practical use it is important that it allows an 
exposure time to be repeated easily: that it 
allows the lamp to be switched on and off at 
will for docusing and composing purposes, 
and that it allows the exposure time to be set 
in small increments. It is also very desirable 
for the timer to indicate how much of the 
exposure time has elapsed, as this aids the 


MAINS INPUT 


MAINS OUTPUT 


techniques known colloquially as* burning ir’ 
and ‘dodging’. 

This program does all] that, and in addition 
it allows the exposure to be interrupted part- 
way through, and re-started, as often as 
required, whilst maintaining the correct 
overall time. If that were not enough, it also 
calculates the exposure changes required 
when changing magnification, or when 
changing filters in colour printing! 

This last feature is obtained by accepting a 
string rather than a number at line 50. This is 
then converted into a number by the EVAL 
function in line 55. The easiest way to 
calculate the change of exposure time for a 
change in magnification is by the formula: 
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Construction 


A suitable PCB design for the interface is 
shown in Fig 4, and this board is produced 
using the normal techniques. The triac is 
bolted in place using a 6mm M3 screw plus 
fixing nut, and it is then soldered into circuit. 
Make quite sure that the triac opto-isolator is 
fitted onto the board the right way round. It 
will not be damaged if it is mounted the wrong 
way round, but it might be difficult to remove 
it and reconnect it properly. Pin | is indicated 
by a small dot or indentation on the body of 
the component, as for other DIL encap- 
sulated devices. 

The board can be fitted into a small 
aluminium box measuring about 76 by 51 by 


Figure 4. The full size foil pattern of the 
opto-isolators PCB. 


25mm. It is mounted using 6BA or M3 bolts 
about | 2mm long with 6mm spacers between 
the board and the case to prevent the 
connections on the underside of the board 
from short circuiting through the case. The 


new time = old time/old height 2* 
new height 2 


The old exposure time is stored in the 
variable “runtime” in this program, and as it 
is likely to be needed often, function Key 0 is 
programmed to print this by line 20. 
Unfortunately it is the variable name, not the 
value, that appears on the screen. The above 
calculation would thus appear as: 


Exposure Time?runtime/20 2*16 2 


(these numbers of course are just for demon- 
stration) when RETURN is pressed the new 
exposure time will appear. 


Changes in filtration are calculated by 
multiplying the old exposure time by the 
factors of any filtration taken out, and 
dividing by the factors of any filters taken 
out. Both calculations can be done at the 
same time, provided the maximum accept- 
able string length is not exceeded. 

It is also possible, of course, to simply 
input a completely new exposure time. 

Line 40 sets the Data Direction Register B 
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case must be earthed via the mains input lead 
for safety reasons, but this connection is 
provided by way of one mounting bolt and 
spacer. One end of the case is drilled to take 
the three way input cable ( which is termina- 
ted in a plug of the appropriate type for micro 
concerned) and the other end is drilled to take 
the mains input and output cables. All three 
holes should be fitted with grommets to 
protect the cables. 

Of course, if preferred the unit could be 
fitted into a larger case so that a mains outlet 
could be mounted on the case, and any piece 
of equipment of acceptable power rating 
could then be controlled via the interface. If 


TO BBC 
USER PORT 


several items of equipment are to be con- 
trolled by the micro then it will be necessary 
to build up an interface board for each piece 
of controlled equipment, but these can all be 
mounted in the same case if desired. 
Together with a suitable micro an interface 
of this type must have almost limitless 
applications. The prototype was designed for 
use with the BBC model B micro as an 
advanced enlarger timer, and a suitable 
program (plus programme notes) for this 
application follow, 
Obviously the mechanical construction of 
the unit must be varied to suit individual 
requirements, 


Figure 5. The overlay of the opto-isolator project. When building the project take care to 
ensure that all mains wiring is well insulated. 


to output. Once this is done, setting 
?&FE60=1 will turn the lamp on and setting 
?&FE60=0 will turn it off. The output can be 
made to change state by setting 
2&FE60=?&FE60+1, and this is used at 
lines 110 and 340 to give ‘focus switch’ 
control. 

Lines 180-220 are a loop, continuously 
comparing the elapsed time since the 
exposure was started with the required 
exposure time. When the exposure is com- 
pleted, the program branches to line 290, 
which invites one to repeat or reset the 
exposure, or to turn the lamp on or off for 
focusing. (Lines 300-360) Line 370 takes 


PARTS LIST. 


Resistors (all 1/3W, 5%) 

R1 330R 
R2 2k7 
Semiconductors 


Tri 


you back to line 290 if any key other than‘ R’, 
‘S’, or ‘F’ is pressed. 

It is possible to interrupt the loop at any 
time by pressing the space bar. In this case, 
line 240 turns the lamp off, and line 230 puts 
the TIME reading at the time the bar was 
pressed into the variable “hold’’. When the 
exposure is restarted by again pressing the 
space bar, line 270 resets TIME to this 
value, and line 280 sends the program back 
into the loop. 

As darkroom work is done largely in the 
dark, comprehensive error handling was 
considered necessary. In general, only 
pressing the space bar or BREAK will 


Triac C146D (400 PIV 10A) 
Triac opto-isolator 
(Maplin Electronic Supplies Ltd.) 


Miscellaneous 
PCB, aluminium box, cables, grom- 
mets, fixings, etc. 
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interrupt an exposure. Line 410 effectively - 
disables the ESCAPE key. Should this line 
send the program back into the loop, a “‘no 
FOR” error will be generated(ERR=43), In 
this case, line 400 will cause a return to the 
Start of the loop. 


If ESCAPE is pressed during the early 
part of the program, whilst waiting to start the 
exposure after a set or reset, line 390 will 


ON ERROR GOTO 3aea 
¥ A runtime 


PUPEEZROL 


send ‘the program to line 290, which as 
previously mentioned invites one to repeat or 
reset. This is a good escape route if an 
excessively long exposure is accidentally or 
inadvertantly set. If the ESCAPE key is 
accidentally pressed at this stage, simply 
pressing ‘S’ will send you back to where you 
were, 


i 
If the exposure time entered, or calculated, 


is too large for the computer to handle, this is 
dealt with by line 380. Unfortunately, the old 
exposure time is lost. 


Photographers will realise that, in order to 
use a television or monitor in the darkroom it 
will be necessary to filter the light from the 
screen to prevent ‘fogging’. Alternatively, the 
screen can be covered or the VDU turned off 
while sensitive materials are being handled. 


EECM 


UNTIL INKEY¢ @5=32 


hold=TIME 
TEFESGSA 


REPEAT UNTIL GET=32 


INPUT TABS 2. 23;"ExPosure time 
runtimerEVALS runtimes > 

IF runtime<@.1 OR runtime>25) THEN CLS'GOTO Sa 
CLS: PRINT TABC 2, 2>"ExPosure Time "“sruntimes" 
PRINT TABC 2,4); "Press Space Bar to Start” 
PRINT TAR 2.5 0. "0r 'F* to focus/off" 
select=GET 

IF select=t46 THEN 7&8FE6Q=7&FE6Q+1:GOTO 14a 
IF select=32 THEN GOTO 13@ ELSE GOTO 198 
PRINT TABC1G.7>; "Presa Space Bar” 

PRINT TABC18.89; "to Hold-Restart” 


* runtimes 


Seconds” 


TRFEEG= 4 

TIME=hold 

GoTo 18a 

CLS ¥OU 23.1-1:8:8)8 

PRINT TABC1@,6%; "Preas’R’to Repeat" 
PRINT TABC1@.89; "or “Sto Reset Time” 
PRINT TABC18-.10>i"or 'F* to Focusaff" 
rePeat=GET 

IF rePeat=246 THEN 7&FE6@*7EFE6Q+1 

IF rePeat=82 THEN GOTO 78 

IF rePeat=83 THEN GOTO 32 


TRFEEQe 1 
TSTIME:¥DLI 23,1,0:0/058; 


PRINT TABC1@, 183) "Elapsed Time" 


REPEAT 
elaPatimesc TIME-T 7100 


PRINT TABS 19, 12>, elaPstime 
IF elaPstime>=ryuntime THEN 7&FE6Q=0:GOTO 290 


The full program listing of the Darkroom Timer’s software. 


ZUCKMAN 


ZX81 (16K) 

* ALL MACHINE CODE 
(10K) 

* FOUR INDEPENDENT 
GHOSTS 

* HIGH-SCORE “HALL 
OF FAME’ 

* AUTHENTIC ARCADE 
ACTION 

* TITLE/DISPLAY 
MODE 

ONLY £5.95 inc. p&p 


JL SOFTW 


GOTO 29a 


IF ERR*28 THEN CLS:SNTO 5a 


IF ERL<=1@@ THEN 


GoTo 290 


IF ERR=17 GOTO ERL 
IF ERR@42 THEN GOTO 128. 


CLS:REPORT : PRINT" 


at line “sERL 


HEE 


DEPT ECM 10, TWEED CLOSE, SWINDON, WILTS 
SN2 3PU Tel: (0793) 724317 


Export Orders: Please add £1.00 per tape airmail 


FROGGY 


ZX81 (16K) 

* MOVING CARS, 
LOGS, TURTLES 

* ALLIGATORS, 
DIVING TURTLES 

* FOUR ‘SCREENS’ OF 
ACTION 

* ALL ARCADE 
FEATURES 

* ENTIRELY MACHINE 
CODE 

ONLY £5.95 inc. p&p 
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FROGGY 


SPECTRUM VERSION OF 
ARCADE GAME WITH 
FULL ARCADE FEATURES: 


* Fabulous Hi-Res Colour Graphics 

* Authentic Sound Effects + 3 Tunes 
* 3-D Logs, Swimming & Diving Turtles 
* 3 Lanes of Multi-coloured vehicles 

* On-screen Score, Hi-Score, Time- bar 
* Snake, Alligators and Baby Frog 
**Top 5' High-Score initials table 

* Demonstration Game routine 


YOUR HOME-SICK FROG MUST LEAP 
ACROSS A BUSY MAIN ROAD, THEN 
ONTO LOGS AND TUATLES IN THE 
RIVER TO REACH SAFETY OF THE 


_ RIVER-BANK FROG-HOMES. 


ONLY £5.95 inc. p&p 


Trade enquiries welcome 


ALL ARCADE FEATURE 
INCLUDING FRUIT 


* Fabulous Hi-Res Colour Graphics 

* Authentic Sound Effects and Tunes 
* Ultra Fast Machine Code 

* On Screen Scoring 

* Hi Score Table 


GOBBLE THE DOTS IN THIS ULTIMATE 
VERSION OF THE ARCADE CLASSIC. 
WHEN THE CHASE REVERSES, EAT A 
GHOST AND SEE THE ‘EYES RETURN 
TO THE BOX. IF YOU EAT ALL THE 
DOTS YOU EARN A NEW SCREEN 
WITH INCREASED DIFFICULTY. 


ONLY £5.95 inc. p&p 
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LASER 200 & COMX 35 


Ken Alexander looks at two low cost machines from the Far East. Will they offer 
any real challenge to the Spectrum? Read his review to find out. 


The Comx 35 and the Laser 200 are both low cost colour computers 
and are both distributed by Computers For All, but the machines 
themselves are two very different items of hardware. The Comx 35 is 
a £120 computer with a generous 35K of RAM and the unique 
feature of a Joystick incorporated into the keyboard. The Laser 
breaks the £100 barrier by a long way and offers colour computing at 
a price of £70. 

As it’s the Laser that is likely to demand most attention, we'll 
begin this double barrelled review with a look at the machine that slits 
nicely between the ZX81 in terms of price and, as we will see, in some 
ways performance. 


Value For Money 


As one of the most attractive features of the Z80 based Laser is bound 
to be its price, it’s probably best to begin this review with a brief look 
at exactly what the £70 purchase price brings in the way of features. 
Included in the basic specification are colour graphics, a decent 
sound generating facility, a 600 baud cassette interface and floating 
point BASIC interpreter— what you don’t get is a generous amount of 
memory. The standard machine has 4K of RAM on board and 
augmenting this with another 16K of RAM adds £29.95 to the price. 
Thus a Laser system with a reasonable amount of memory (20K) 
costs all but a pound more than the Spectrum and this point should be 
firmly bourne in mind when assessing the merits of the Laser. 


First Impressions 


The Laser is an attractive machine with a keyboard that is closer to 
that of the Sord MS than it is to the Spectrum being a moving key 
design, the keys themselves being formed from a hard rubber 
material. 

The keyboard had a positive feel to it and each keypress is 
acknowledged by a audible beep. The Laser 200 also provides an 
auto repeat function. 

A single keyword entry system is supported, pressing the CTRL 
key together with one other key will enter the majority of BASIC 
commands, The designers of the Laser have chosen to associate the 
most used keywords with the keys along the top row of the machine 
rather than with the alpha key corresponding to a command’s initial 
letter. Thus CSAVE, CLOAD, LIST, RUN and VERIFY plus a 
couple of others, are to be found above the line of numeric keys. This 
seemed a very sensible idea and meant that the initial process of 
finding the way around the keyboard was made far easier. 

The single key facility, while speeding up entry, does not save any 
memory, as the commands are stored as ASCII strings and not as a 
token when entered in this fashion. 

The I/O facilities provided on the Laser are fairly comprehensive, 
although, having said that, it must be pointed out that there is a 
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complete lack of any detailed description of the expansion ports in the 
literature supplied with the machine. 

The full list of I/O facilities is though, Memory Expansion -— this, 
it is assumed, makes available all the data, address and control 
signals of the Laser, Peripheral — this is described as the place to 
connect a Printer Interface module or a Joystick interface. This port 
has less connections than the Memory Expansion Port and its 
possible that some internal decoding makes this a very convenient 
way of getting data to and from the Laser but without much more 
information than that shown in the manual (none) it is impossible to 
use. 

Other connectors along the rear panel are the cassette I/O (no 
remote control option), the power input, the VHF video output and a 
welcome video output for use with a monitor. This is a composite 
video output and not an RGB type which may have been preferable. 

Along the right hand side of the machine is an on/off switch — 
something that should be fitted as a matter of course to all computers. 


Using the Laser 


Switching the Laser on brings a fairly terse READY message to the 
screen with a flashing green cursor. 

Syntax is checked on a line by line basis as a program is entered 
and editing is accomplished via straightforward although old 
fashioned line editor with the cursor being positioned by the four 
cursor control keys and characters deleted and inserted by using the 
RUBOUT key or by putting the Laser into the insert mode by 
entering CTRL + L. 

A full list of the commands provided by the Laser’s BASIC is. 
shown in Table 1 and most of these require little comment. The 
graphics and sound capabilities of a computer of the Laser’s price 
will, however, be of major concern to would-be users and we will look 
at these in a little more detail. 


Sounds Good 


It may seem common sense to position any loudspeaker designed to 
output noise from a computer on any surface of the machine apart 
from its underside where the sound will almost certainly be muffled 
by whatever surface the computer is being used on. Common sense 
maybe, but it is surprising just how many computers have their 
speaker in this position. Not so the Laser, we’re pleased to report. 

The Laser’s sound command is fairly primitive but, having said 
that, does what it is supposed to do. 

A total of 31 notes can be sounded at one of nine different note 
durations. The command takes the form of 


SOUND P,D 


where P is anumber from | to31 determining the note’s pitch and D is 
again a number, this time between | and 9, that selects the notes 
duration. 

Used in conjuction with the DATA statement that is supported by 
the Laser, simple tunes can be readily produced by the machine. 


Graphics 

The graphics ability, or rather lack of it, is perhaps the Laser’s 
weakest point. On power-up the Laser is in text mode, the — 
being 32 characters x 16 lines. In this mode, ZX81 “chunky-style’ 
graphics, are available in any one of the nine available colours on a 
black background. Text however can only be displayed as orange ona 
green background or as yellow on green. 


ELECTRONICS & COMPUTING MONTHLY-69 — 


Sah 


a | OCs 


it 


The “Hi-Res” mode allows greater, though by no means 
spectacular, definition displays with 1 28 x 64 resolution. In this mode 
the colours available are restricted to two sets chosen from the 
complete palate. These are a buff border with orange, magenta, cyan 
or buff graphics and a green boarder with a red, blue, yellow or green 
display. 


TABLE | 


Arithmetic functions: 
SQR 
INT 
RND 
ABS 
SGN 
Cos 
SIN 
EXP 
TAN 
LOG 
ATN 


Program statements 
DIM — Dimensions 
STOP 

END 

GOTO 

GOSUB 

RETURN 

FOR was 
NEXT 

REM 

IF... THEN. 
INPUT 

PRINT 

PRINT TAB 
PRINT USING 
PRINT @ 

LET 

DATA 

READ 

RESTORE 


String functions: 
LEN — 

STR$ 

VAL - 

ASC — 

CHRS$ 

LEFT$ 

MID$ — 
RIGHT$ 
INKEY$ 


Commands: 
LIST 

RUN 

NEW 

CONT 
VERIFY 
CLOAD 
CSAVE 
CRUN 

CTRL RESET 


Logical operators 


Graphics and sound 
functions; 

CLS — 

SET 

RESET 

POINT 

COLOR 

SOUND 

MODE 


Other statements 
PEEK 

POKE 

LPRINT 

LLIST 

INP 

OUT 

COPY 

USR 


Together with the usual plot commands the displays that can be 
produced are at best crude and indeed, the pre-recorded games 
software supplied with the machine, in the main restricted themselves 
to textual displays and the only graphics based game supplied was a 
very ‘chunky’ version of the arcade breakout game. 


Saving and Loading 


The ‘cassette loading and saving. system runs at 600 baud, not the 
fastest but by no means the slowest of cassette interfaces and it 
worked reliably once the correct replay volume level had been 
ascertained. 

Auseful VERIFY facility is provided as well as the ability to auto 
run a loaded program with the CRUN command. 


Expansion 


The 16K RAM pack mentioned above slots into the expansion 
interface and is a well thought out design that, when in position is ell 
supported by four feet and is thus unlikely to suffer from the dreaded 
wobble of the ZX81 expansions. 

In order to use a printer with the Laser it is necessary to use a 
printer interface but this was not available for review. 


Conclusion 


As we pointed out at the start of this review, the Laser plus RAM pack 
costs about the same as a 16K Spectrum. In some areas, notably the 
sound facility, the Laser can out-perform the Spectrum but Sir Clive’s 
machine has the edge in most respects. 

With the wealth of software, hardware and publications aimed at 
the Spectrum user the Laser has some catching up to do, Whether or 
not the Laser has a role as a ZX81 type machine for the person who 
wants to begin computing for the least possible cost but wants 
something more than the very basic performance of the 81 remains to 
be seen. In the end it is probably down to how much interest the 
various software houses show in the machine. 


Comx 35 


As we suggested above, the Comx is a very different machine to the 
Laser, in fact its different to nearly every computer on the market. 
The difference lies in the fact that the machine is based on the RCA 
1802 processor. This MPU has rarely seen the light of day in this 
country (about the only system based around it was the ELF) and 
while this will not worry those who wish to stick with the computer’ s 
BASIC, anybody wishing to program in machine code will have to 
learn a whole new language. This will also mean that software houses 
will be slow to produce software for the machine, if indeed they get 
round to it at all. 

This introduction is not meant to be too negative however as the 
Comx has a number of attractive features, perhaps the most evident 
being the inclusion of a joystick as part of the standard machine. More 
on the joystick later. 


Initial Impressions 


At first sight, the impression given by the Comx is PLASTIC. The 
case is plastic and even the 55 keys are fabricated from a hard plastic, 
To this reviewer's mind at least, this gives the Comx a cheaper 
appearance than the Laser that sells for £50 less than the Comx. Yet 
another negative, which to be fair, should be countered by stating that 
the keyboard has a nice feel to it. The concave keys mean that in use, 
the typing finger is gently guided to the centre of the key. This means, 
that although the keyboard is rather small, it is possible to enter data 
accurately and at speed. The keyboard is also blessed with an auto 
repeat function. 

The back of the Comx’s case features the input and output sockets 
for the loading and saving of programs on a recorder(two 3.5mm jack 
sockets), a Phono socket outlet for the UHF modulated video signal, 
the power input socket and, as on the Laser, a welcome on/off switch. 

The right hand side of the case is taken up by the computer's 
expansion connector. As with the Laser, that’s about all we can say 
about the connector, as the manual gives absolutely no information as 
to the function of the various lines. Together with the absence of 
system memory maps, machine code entry points and the like, life for 
the machine code programmer or those wanting to hook the computer 
up to other items of equipment is made difficult, if not impossible. 

The Comx comes complete with a fairly generous complement of 
memory with 32K of user RAM and 3K of video memory ma’ ‘ng of 
the 35 of the machine’s title. To put this in context though it is 
necessary to refer once again to the omnipresent Spectrum that for an 
extra £5, makes 48K of RAM available for the video display/user 
programs. 
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Up And Running 


Switching on the Comx produces a series of musical notes, proving 
the computer can make sounds, and a couple of colourful alternating 
turn-on messages. These can be used to adjust the TV set for the best 
possible display and, if acceptable result cannot be obtained, two 
presets accessible via two holes in the base of the machine, allow fine 
tuning of the Sync and video levels of the video output. 

The review Comx produced a rock solid and well defined display 
of a40 x 24 line format. The character set available on power up is the 
standard ASCII upper case set plus numerics and the miscellaneous 
punctuation symbols and $, # symbols plus a set of PET/Sharp like 
graphic symbols. Each of the symbols is, however, redefinable by 
way of the SHAPE command that takes the form 


SHAPE (X,“18 hex numbers’’) 


Here X is an integer that corresponds to the decimal code of the key 
and the 18 hex numbers determine which of the 54 pixels that go to 
make up each character cell are ON and which are OFF. Each row of 
the redefined shape can be defined as one of four different colours. 


Colour Capabilities 

In general, the colour capabilities of the Comx are rather unusual. On 
power up, all text entered from the keyboard is displayed in white 
while any messages generated by the machine are produced in cyan. 
The manual says this is to produce a feeling of dialogue with the 
machine, and this multi-coloured display is indeed helpful when 
analysing a screen full of text. 

These two colours can be altered by the command 


COLOUR (X) 
where X is anumber between | and 12 and selects from a set of colour 


pairs that again differentiate between keyboard input and computer 
output text. 


The background colour of the screen can also be altered with the. 


command 
SCREEN (X) 


with X being a numeric in the range 1-8. 

The last command associated with the Comx colour display is 
CTONE. This facility is either ON or OFF and when enabled causes 
the brightness of characters displayed on the screen to be increased. 

From the above, its apparent that the Comx possesses a versatile 
graphics and colour capability that, with patience on behalf of the 
programmer, the computer should be capable of producing some 
excellent graphic displays. 


Sound System 
The sound section of the Comx is similarly fairly comprehensive with 
the main command taking the form of 

MUSIC (X, Y,Z) 
Here X determines the note to be sounded in any particular octave, Y 
determines the octave (one of the eight available) and Z selects the 
amplitude on a scale from | to 15. 

Invoking the MUSIC command will enable the tone until it is 
turned off (or modified) with a second statement. As with the Oric, a 
MUSIC (0,0,0) command should be readily accessible. 


Other commands associated with sound generation are 

TONE (X,Y,Z) 
This is very similar to the music command with the variables Y and Z 
taking on the same function but here X offers a finer control of the 
frequency generated within the selected octave and can take any 
value between | and 128. 

The NOISE command generates noise in a selected band 
frequencies. It takes the form of - 


NOISE (Y,Z) 


with Y selecting one of the eight frequency bands and Z varying the 
amplitude. 
Finally, the command 
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VOLUME (X) 


will give overall control of the volume from the Comx. X can take one 
of four values. 

Although the Comx does not feature the three tone channels 
featured on machines such as the Oric, it is quite versatile, and again 
with patience at the programming stage should yield most of the Zaps 
and Pings demanded of it. : 


It's a Joy 

The joystick is a fairly simple, but effective control. It generates the 
equivalent of key presses, with the numbers from 136-139 being 
generated for its four decodeable directions. It can be read with the 
BASIC KEY command and its incorporation is to be applauded — 
other manufacturers please note. It’s disappointing though, that the 
Comx does not provide a port for a second joystick to be added to the 
machine. 


BASIC Facilities 


The BASIC of the Comx has some good and some bad points but 
considering the world shortage of 180Z BASICs, Comx have come 
up with a good workman-like interpreter. 

All the expected commands are there together with such goodies 
as TRACE (for debugging) and a RENUMBER facility. 

An innovating feature is the RUN+ Command which on 
encountering a GOTO < line number > will determine the absolute 
address of the line number and so speed up execution of a program. 

The bad bits include a rather old fashioned line editor and a limit 
of 127 characters for strings. 

Another shortcoming is the fact that although the Comx has a 
generous list of error codes, these are displayed as cryptic number 
displays which sends one reaching for the manual to decode them. 
With memory so cheap, its difficult to understand why the Comx 
cannot be more forthcoming in this area. 


Cassette Interface 


The cassette interface performed satisfactorily with the tones on tape 
being reproduced over the Comx’s internal speaker. One shortcoming 
in this area was the fact that there was no on screen indication as to 
whether or not the loading of a tape was in progress — this make the 
initial setting of the recorder’s volume control more difficult than 
usual. 


The Manual 


The manual supplied with the Comx was a well produced spiral 
bound tome that clearly explained the function of the machine as well 
as a number of program listings designed to demonstrate the 
capabilities of the machine. 

As mentioned above, a major omission was the lack of any 
technical details of the machine’s hardware. 


Summing Up 

In order for the Comx to gain a foothold in the market, potential 
customers will want to be sure of both hardware and software support. 
As we have already stated, the fact that the machine is based on the 
1802 processor is a distinct handicap when it comes to software 
support. 

Although from an examination of the manual it would appear as if 
there are plenty of plans for hardware expansion (there’s a disk 
command resident) there is no sign of it here yet. 

With the launch of the Microdrive about to give sales of the 
Spectrum a boost if any were required and, with the tremendous range 
of support for the Spectrum already in existence, it is difficult to see 
the Comx making a dent in Sinclair’s sales. 

If the Comx had reached the UK a year ago the story may have 
been different but, as with the Laser, it seems that now the Spectrum 
has too much of a strangle hold on this area of the market. 

The only way to break the hold, would be to beat Sinclair at his 
own game and come into the market with a product that is not merely 
a look-alike but offers an undisputed advance in performance. 
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ZX SOUND BOARDS Part 2 


Jim Cowie, D. O’ Donnel and J. McAinsh continue their description of their PSG 
systems with details of software for the boards. 


Last month’s article described in detail the 
operation of the PSG itself and gave full 
circuit diagrams of both the Spectrum and 
ZX81 designs. Construction of the Spectrum 
board was also covered but lack of space 
prevented the PCB design for the °81 board 
being given. This month therefore, we'll 
begin with a description of this double sided 
board, 


Putting it together 


Because of the large number of inter 
connections involved in the ZX81 design, it 
was decided to go to a double sided PCB. 
This avoids the large number of links that 
would have been necessary with only a single 
sided board. 

Construction is fairly straightforward, but 
be careful to ensure that all polarity sensitive 
capacitors and the ICs are connected the 
correct way round, 

The edge connector can either be soldered 
directly to the board or can be connected via 
a length of ribbon cable. 

The board is really in two sections and if 
you want to, you can leave out the amplifier 


Coe 


ees 


Xt 


NOTE: IF PCB NOT PLATED THROUGH, 


BOTTOM WITH WIRE THUS:— 
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(PR OER OT) RES | trios 9 


(| |i pasconn 


2h aad a ee | SA 6 


PARTS LIST 

AUDIO AMPLIFIER SECTION 
Resistors (% watt, carbon) Resistors 
R1, R3 1k R4 1k 


R2 2k2 VRi 10k preset potentiometer 
(carbon) 


Capacitors c it 
{all ceramic except 1 MicroFarad) oa eee 300p 
ci, C3 100n C5 2u2 


C2 in 
CB 47n 
Cd 10n C7 250u ° 


(decoupling) 1u cg 10u 
C9 100n 


AY-3-8910 Integrated Circuit 
IC2 74LS27  ~=IC8 LM386 


IC3 74LS00 : 

1C4 74LS86 eiaiatbias 

a 7 gsr Speaker 8 ohm, 0.3 watt 
) 0.1” veroboard, approximately 3.75" x 

Diode 5", 2 x 23 way edge connector, short 

D1 1N 4148 piece of ribbon cable. 


Integrated Circuits 
IC1 


switched jack socket 


To 
JACK 
SOCKET 


9) aan ees it 
Cd Cd 


nw—Go8 


36) 7S Pec _ 


Figure 1. The ZX81 Sound Board's overlay. 
Note only the lower tracks of this double sided 
PCB are shown. Readers requiring a copy of the 
foil patterns, which have not been shown due to 
lack of space, can obtain them by sending a lage 
SAE to our offices, 
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PROJECT 


part and simply feed the PSG audio output 
directly to an external amplifier, e.g. the 
monitor input on your cassette recorder. 

A sixteen pin DIL socket in conjunction 
with a DIL header plug gives access to the 
8-bit ports A and B. 

Having completed the board, carefully 
check all components against the overlay 
and, if all is well, start experimenting with the 
software, 


Programming the PSG 
The PSG is an extremely powerful com- 
ponent so the best way to get to know it and 
how to run it from your ZX81 is to try things 
out, Because the generator is memory 
mapped, when you write (POKE) or read 
(PEEK) certain memory locations the value 
you write is sent to the internal logic of the 
PSG or read from the internal registers. 
As already mentioned (8192) is the latch 
register address. We POKE this with a 
register number to tell the PSG to use this 
register for any data reads or writes. (8448) is 
used to read or write data, When we POKE a 
value to this address it is written in the 
selected register. 


eenea@ RACE CAR SOUND EFFECT ###008 


REM RACE CAR SOUND 


4 


The following piece of code turns off all 
sound. It is advisable to have this somewhere 
in your program. Then if the program halts 
leaving the PSG still at full blast you can 
GOTO this statement and turn it off. 


Turn off PSG 

POKE 8192,8 (Select reg. 8) 
POKE 8448,0 (turn it off) 
POKE 8192,9 (select reg. 9) 
POKE 8448,0 (turn it off) 
POKE 8192,10 (select reg. 10) 
POKE 8448,0 (turn it off) 


For an easier way of entering the memory 
locations you can hold them as variables as in 
the next example. This program is based on 
an example given in the PSG guide. Timing 
can be a tricky problem from BASIC and 
some trial and error is required when writing 
programs. 


Test Program 


Finally, a test program which ‘allows you to 
explore the possibilities of the PSG. A 16 
element array is set up, in which each 


element corresponds to one of the 16 internal 
PSG registers. In the program the array is 
first set to zero then printed on the screen — 
together with various options. You can alter 
the array and when finished enter —1 to get 
out of the alter routine. Enter P to print the 
new array in order to verify it, Enter R to load 
the array into the PSG registers, Enter S to 
stop the sound. When you wish to return to 
BASIC enter E to exit program. 

Once a suitable sound has been set up you 
can add it as a subroutine to your own 
program. For example in a submarine game a 
continuous sonar beep could run on one 
channel (no processing required after it is set 
up) leaving two other channels for sirens and 
explosions, 

Now that you are aware of what the sound 
bard can do — a final word. If you have a 
model railway, why not use the input/output 
ports to control it? With suitable interfaces 
these could alter signals, open level crossings 
and sense the position of trains, This would 
allow whistles and other sounds to be 
produced at the correct moment. 


eeee#@ TEST PROGRAM ##0#88 


FAST REM TEST PROGRAM FOR P.S.G. 


LET Az 8192 
LET B= 8448 
POKE 

POKE 

POKE 

POKE 

POKE 

POKE 

POKE 

POKE B,10 
LET Fiz 2816 
LET F2= 1024 
LET F3e 4 
GOSUB 125 
LET Fiz 2304 
LET F2= 768 
LET F3= 4 
GOSUB 125 
LET Fis 1536 
LET F2= 512 
LET F3= 2 
GOSUB 125 
POKE A.B 
POKE B,0 
POKE Ar? 
POKE 5,0 
POKE 4,10 
POKE BO 
STOP 

FOR IsF1 TO F2 STEP -F3 
LET J=INT(I/256) 
LET K=I-2568) 
POKE A. 
POKE B,J 
POKE A.O 
POKE 5, K 
NEXT I 
RETURN 


set up POKE addresses 
set tone period on channel B 
enable channels A & B 


max amplitude on channel A 


' put channel B amplitude 


to a lower value 


: this value sets the frequency 
t jump in the sweep effect 


turn channel A off 
turn channel B off 
turn channel C off 
loop sequence 

gives reg.1 value 


gives reg.0 value 
select coarse tune A 


+ select fine tune A 
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LET L = 8192 
LET D = 8448 
DIM A(16) 
FOR I= 1T0 J 
LET A(I)= 0 
WEXT I 

GosuB 1000 
SCROLL 

PRINT "R TO 
SCROLL 

PRINT "S TO 
SCROLL 

PRINT "P TO 
SCROLL 

PRINT "E TO 
SCROLL 


RO 
tar 
"sn 
npr 
rer 


POKE L. I-1 
POKE D, A(1} 
NEXT I 
GOTO 90 
SCROLL 


SCROLL 
INPUT I 
SCROLL 


INPUT A(I+1) 
GOTO 300 
POKE L, 8 
POKE D, O 
POKE L, 3 
POKE D. 0 
POKE L, 10 
POKE D, 0 
GOTO 90 


6 


RUN 


+ tnitialise a 16 element 
| array to zero 


+ print initial array 


A TO ALTER” + print out options 


STOP SOUND" 


PRINT ARRAY TABLE" 


EXIT PROGRAM" 


THEN GOTO 250 


i input option 
' jump to appropriate routine 


THEN GOTO 300 
THEN GOTO 400 
THEN GOSUB 1000 
THEN STOP 


16 


i pun routine 


alter routine 


PRINT "ALTER WHICH REGISTER 7" 
PRINT "REMEMBER -1 ABORTS ALTER ROUTINE® 
IF I < 0 THEN GOTO 90 


PRINT "WHAT VALUE 7" 


' stop sound routine 
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50 OUT 189,8 (Point to register 8) 


Spectrum Sound 


The techniques for programming the 
Spectrum board are slightly different from 


60 OUT 191,15 (Select O/P amplitude) 
those described for the '81 and make use of and RUN. 


You can then RUN 9999 to turn the PSG 
off. Also, when experimenting you may 
produce a sound that you wish to record for 
future use only to find that it comes out 
differently because there was something in a 
register from previous experiments of which 
you were unaware, 


the Spectrum’s OUT command. You will notice that unlike the 

Assuming all is well with the board, enter SPECTRUM bleeper, the tone is continuous. 
the following program to begin testing of the For this reason it is useful to have the 
system. following programme available to reset the 


10 OUT 189,0 (Pointer to register 0) | Tegisters and turn off PSG. 
20 OUT 191,255 (Load Tune A) 9998 STOP An illustration of what sounds can be 
30 OUT 189,7 = (Point to register 7) 9999 FOR n= 0 TO 14: OUT 189,n: achieved can be heard with the following 
40 OUT 191,254 (Enables A to O/P) OUT 191,0: NEXT n programmes:- ESCM 


0 REM DYNAMIC SOUND EFFECTS 
OUT 189,7 ; OUT 191,248 
OUT 189.8 : OUT 191,15 
OUT 189.0 


10 REM EXPLOSION 
20 DATA 6,31,7,7,88,16,9,16,10,16,12,20,13,0 


30 FOR Z = | TO7: READ A: READ B; OUT 189,A: OUT 191,” 
B: NEXT Z 


FOR A= 0 TO 128; OUT 191(A-64*INT(A/64)) 

OUT 191,128-A: OUT 191,A: NEXT A: OUT 191,0: PAUSE 50 
FORB=1 TO10: FORA = 0 TO 255 STEP 10: OUT 191, 
A:NEXT A:NEXT B 


Finally the following programme can be used to develop your own 
sounds by entering the desired data into the PSG registers and 
displaying the contents of all the registers so that it can be seen at a 
glance the data that is producing the sound being heard. 


10 REM RALLING BOMB 

20 OUT 189.7: OUT 191,254; FOR A= 0 TO 255; OUT 189, 
8:OUT 191, INT(A/16} 

30 OUT 189,0; OUT 191,A: NEXT A 

40 DATA 6,13,7,7,8,16,9,16,10,16,12,20,13,0 

50 FOR Z= 1 TO7: READ A; READ B: OUT 189,A: 

OUT 191,B: NEXT Z 


10 INPUT“REGISTER”; R 

20 INPUT “DATA”, D 

30 CLS 

40 OUTI89,R : OUT 191,D 

50 FOR N= 0 TO 13: OUT 189,N:PRINT AT(N + 1),3;N:PRINT 
AT (N+ 1),10; IN 189: NEXT N 

50 IF R= > 15 THEN GOTO 9999: GOTO 10 

9998 REM RESET ALL REGISTERS TO ZERO 

9999 FOR N = 0 TO 14: OUT 189,N: OUT 191,0: NEXT N 


10 REM HELICOPTER 
20 DATA 1,10,3,9,6,31,7,228,8,12,9,12,13,13 

30 FOR Z = | TO7: READ A; READ B: OUT 189,A:OUT 191, 
B: NEXT Z 


HITACHI 
9” BLACK & WHITE MONITORS 


Fantastic Value! These monitors have been used but are all 
tested and in working order. Approx. 15 meg bandwidth, 
17 ohm video input, suitable for most micros. 


£45 + £5 carr. inc. VAT 


perms 2 


(Authorised BBC Dealer and Service Centre) 


BBC Model B Micro Computer. . . . 399.00 
SPECIAL OFFERS 


BBC Model A Micro with 32K... . .333,50 
BBC Model A Micro with 32K and 
VIA... 


FREE CASSETTE RECORDER 939.50 
HURRY — ONLY A FEW LEFT!! WITH EVERY MODEL B 88C,5 ‘489.00 
ORDERED A FREE CASSETTE BBC 21 BBC Model AtoB Heel . 99.82 
R WILL BE GIVEN BBC 27 Disc Upgrade for BBC B tinc fitting) 92.00 
Beer croCKS CAST) BBC 30 BBC 14” Colour Monitor... ..... 287.50 
( L Sanyo SM12N Green Monitor 
sontd sadisunineiivaie ints haxije SHAVE 90.85 


TRUE FLOPPY DISC VERY BBC X% Karge K12G Green Monitor 18MHz 113.85 
(ELECTRONICS) LTD. FAST. 80K FORMATTED BBC 35 Karga K12A 12” Orange Monmitor 129.95 


CAPACITY. DISC DRIVE AND BBC 44 Single Disc Drive (100K) for BBC 
9-10 Chapel Street, Marylebone, London NW1 5DN IN@9.95 DRIVE COST 129.95 | BBC 45 Singlo Disc Drive BOOK) Yor BBC 
21-23 Bell Street, London, NW1 eqATAR! SPECIAL OFFER aac 45 ioe isthe aicae 
Telephone: 01-262 5125 & 01-723 7851 CARTRIDGE aWITH EVERY pec 47 Dual Die Bie (300K) Yor 8B . 
"a0 — wa.se 00 masa SBCA Dual Die Die OKI for BC 


EPSON FX-80 BBC 49 Dual Dise Drive (800K) for BBC 
FX-80 160CPS PRINTER HAS (Teac) 
TRACTOR ANO FRICTION 
FEED, PROPORTIONAL 
SPACING 2K BUFFER & PRO- 
GRAMMABLE CHARACTER 
SET. COST 449.65. 


NEW 
THE PICKARD 


JOYSTICK CONTROLLER 


Use with any game. No special programme. Any keys, not just 
cursors. Other add-ons not affected. ONLY £19.95 plus £1.50 p&p. 
Also in stock- 

SPECTRUMS AND ZX81s 

SOLIDISK RAM PACKS 


DK TRONICS KEYBOARDS 
DK TRONICS SPECTRUM UPGRADE 


BIG RANGE OF BOOKS 


100s OF BOOKS 
AFTER SALES SERVICE 


SUCCESS SERVICES 


154 HIGH STREET, BLOXWICH, WALSALL Tel: 0922 402403 
ECMOS 


SPARKJET PRINTER OFFER 
NEW QUIET PRINTER FOR 
BBC. FRICTION & TRACTOR 
FEED 80CPS. 

NORMAL 424.35 ONLY 343,85 


DISC PACK 
800K DUAL DISC DRIVE PLUS 
780 PROCESSOR WITH CMP 


COMPATIBLE OPERATING arge stocks of software for BBC and Atom, Business, 
Games and Educational. Send for comprehensive lists. 


SYSTEM. COST 897.00 


SEND SAE FOR DETAILS ON 
ANY OF THE ABOVE ITEMS 


14” COLOUR PORTABLE TV/ MONITOR 

This TV/Monitor is not a modified television as 
many TV/Monitors are, but a 14’ TV/Monitor 
which has been designed to perform both 
functions. It has RBG and composite video and 
sound. An ABG cable for a BBC is supplied as 
standard. 

Cost 259.90 (With remote contro! 279.45) 


All printers, disc drives supplied with all cables. 
Trade Enquiries welcome 
Large stocks. Prices include VAT, 
Credit cards welcome. Carriage 1.00 or 3.50 


HR. 
counts Electronequip B{ BIC} 


36-38 West Street Fareham Hants PO16 0JW 


Tel 0329-230670 


fi 
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MONITOR SURVEY 


Nick Clare has looked at a number of popular monitors. Read his report to find 


out what’s available and from whom. 


The importance of using a good quality monitor capable of producing 
text lines greater than 30 characters or of generating all but the 
‘chunkiest’ of graphics has been emphasised elsewhere in this issue 
(see the introduction to the ZX Video Techniques article), For many 
people, upgrading their computer to one of the more powerful of 
today’s machines will only serve to highlight the limitations of a 
standard TV set fet from a UHF signal when it comes to hi-resolution 
work. 

The only solution to these problems is to use a monitor video 
signal or, for the best results with a colour display, to drive the 
monitor with an RGB signal. 

This survey takes a look at a range of monochrome and colour 
monitors that range in price from about £80 (for a basic monochrome 
model) to units costing almost £500 (hi-res colour monitors). 


Starting Point 


When contemplating the production of a monitor, a manufacturer has 
a fundamental choice to make. Either they can produce a design from 
scratch or, alternatively, modify an existing TV chassis to produce a 
unit that is capable of both off air TV reception and of accepting either 
composite or RGB video signals. 

The former route is likely to produce a design that is capable of 
higher ultimate quality although many purchasers will be tempted by 
the converted TY sets as effectively they are getting a colour TV set in 
to the bargain. 


Specifications 


When looking through the specification of a monitor the first and most 
obyious point for consideration is the compatability of the monitor 
and the computer with which it is to be used. With monochrome and 
colour monitors with a composite video input there is no difficulty — 
the composite video signal is a well standard. With colour monitors 
with RGB drive to situation is not nearly as clear cut. 

The RGB video signal can be positive or negative going as can the 
sync signal — four permutations on the basic theme. In addition, some 
computers will output the sync signal, not as a seperate entity, but as 
part of the green video signal. 

To complicate matters still further, some computer manu- 
facturers produce: video outputs that are not straightforward RGB 
drives but are encoded in a way peculiar to the particular computer. In 
these cases either a dedicated monitor is required or an interface to 
convert the computer's output to a standard drive waveform. 
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About the only way to ensure compatability is to try the monitor 
out on the system it is to be used with. 

The only other area of a monitor's specification that is of major 
import is the ultimate resolution of which it is capable. 

‘Resolution’ can be expressed both in terms of the number of lines 
a monitor is capable of resolving in both the horizontal and vertical 
directions (a measure of the tube’s capabilities) or in terms of the 
bandwidth of the monitor (a measure of the performance of the 
monitor's electronic circuitry). 

In the case of the number of lines resolved in the vertical direction, 
the limit will usually be imposed by the scanning format adopted by 
the computer and will be in the region of 300-400 lines. In the 
horizontal direction, the greater the number of lines quoted, the better 
the definition of display will be. 

Other aspects of a monitor's performance quoted in a particular 
model’s specification are of less importance but will include such 
items as figures for the display’s linearity (the smaller the figure 
quoted the better). 


Monochrome Monitors 

We'll begin with a look at the various monitors available with LB 
Electronics model HM-910. This is a 9” green phosphor monitor 
with a standard 75R composite video input capable of accepting 
inputs in the range 0.5 V — 2.0V pp. Bandwidth is quoted at 18MHz 
and resolution is 350 lines vertical and 700 lines horizontal. At 
£89.70 including VAT the unit is a good, high performance monitor. 


The Amdek 300 monitor distributed by Roland UK has a slightly 
larger 12” screen but offers a similar performance with an 18MHz 
bandwidth. User controls provided on the unit are brightness, 
contrast, horizontal and width, vertical height and linearity is also 


- provided. 


Price of the unit is yet to be fixed but is to be under £135 — contact 
Roland for the exact price. 

Kaga are another source of good quality monochrome monitors 
and can supply their hi-res K12 unit in a choice of either green or 
amber phosphor’s at prices of £109 and £119 respectively. 


Colour Convertibles 


Newark Video Centre offers a range of modified Grundig TV sets 
that are capable of receiving either off-air TV signals or an RGB and 
sync input. The video signal is via a 6 pin DIN socket and features 
linear analogue inputs they mean, in theory, an infinite number of 
colours can be produced by the design. 


SEPTEMBER 1983 


TECHNICAL FEATURE 


The modifications are fully approved by Grundig and prices start 
at £275.54 for a 14%” set and go up to £720.87 for a 26" remote 
controlled set with stereo sound and Teletext. 

Portatel conversions are another company that undertake 
conversions. This company have chosen the Luxor range of sets to 
base their conversions, 


These sets are fitted with Toshiba PIL tubes and, its claimed, that 
RGB resolution is limited only by the tube itself. Resolution is quoted 
by the very practical expedient of stating that the 14’ monitor is 
capable of resolving lower case characters of the BBC micro in 
mode 0. Prices range from £249 for a 14" set to £499 for a 26” 
monitor. 

Portatel also produces a rather unusual converted set designed 
for IBM computers. The RGB input is as those on the standard sets 
but the set features an NTSC colour decoder for use with the RF 
outputs of American computers. 

Better Electronics also have a converted TV chassis that is 
compatible with the BBC micro. RGB input is again via a DIN plug 
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and the set comes complete with a1 year guarantee and even a wired 
main plug. The price is around £210 + VAT but contact Better for 
details. 

Finally in this section, Electronequip can supply an RGB and 
Composite monitor at £226 + VAT. The monitor is a medium 
resolution design and features a bandwidth of 7MHz. 


Dedicated Design 


Cabel Electronic supply a range of purpose built RGB monitors that 
range from CE370A capable of resolving 430 pixels in the horizontal 
direction at a cost of £199.50 + VAT to the HR370 at£420 + VAT 
that is capable of resolving 640 pixels horizontal and has a bandwidth 
of 22MHz. 

All the monitors are attractively designed and have all user 
controls and inputs on the front panel — this saves groping around the 
back of the monitor to change the brightness or unplug the unit, 

Kaga, as well as their monochrome design produce a range of 
RGB monitor of which the K12RI1 is a typical example. 

One of the most popular RGB monitors is the Sanyo 3125NB. 
This is available in a number of different versions from a standard 
resolution model for just over £200 to the highest resolution model 
that costs approaching £450. This set can cope with all the visual 
RGB signal permutations by way of jumper wires within the 
monitor's case, 

It also has a separate input for controlling the display of the 
cursor. 

Finally mention should be made of*the Sword range of monitors 
that range from a standard resolution 450 line model to a 400 line 
super resolution design. The Sword range of monitors feature a screen 
that is jet black rather than the dull grey of many designs. This adds 
impact to the display, emphasising the contrast between the 
background and any display. 


LB Electronics 
11 Hercies Road 
Middlesex 

CB10 9LS 


Portatel Conversions 

25 Sunbury Cross Centre 
Sunbury-on- Thames 
Middlesex 


Better Electronics 


Roland UK 

Unit 6 

Great West Trading Estate 
983 Great West Road 
Brentford 

Middlesex 

TWs 9DN 


Kaga 

Data Efficiency Ltd. 
Finway Road 
Hemel Hempstead 
Herts 

HP2 7PS 


Newark Video Centre 
108 London Road 
Balderton 

Newark 

Notts 

NG24 3AQ 
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58 Mill Road Avenue 
Angmering Village 
Sussex 

BNI6 4HS 


Cabel Electronic 
19 High Street 
Tewkesbury 
Gloucestershire 
GL20 5AW 


Sword Monitors 
Corton Electronics Ltd. 
Rockland Works 

Eagle Street 

Coventry 

CVI 4GJ 


Electronequip 
36-38 West Street 
Fareham 

Hants 

PO16 OJW 


Understanding Your Computer 


In part seven of the series, B. Boyde-Shaw looks at mass storage systems, from 
the lowly cassette to highly sophisticated devices such as EAROM. 


Once a program has been written, fully tested and debugged, it’s usual 
to want to save it for posterity, and for future use. The cheapest 
method of storage, at the moment, is the cassette tape, using a 
commercial audio cassette recorder. Unfortunately cassette recorders 
work beautifully when dealing with audio signals, and only the most 
acoustically aware of this world notice the small inaccuracies of tone, 
pitch or‘ quality of sound’ produced by your ‘specially reduced offer’ 
music centre. Unfortunately the computer belongs to the acoustically 
aware group and needs a reasonably clean signal, that has been 
properly transcribed, and is reasonably noiseless, 

The fact that a recorder may have lost a few harmonics in passing, 
doesn’t really affect a normal recording of Beethoven's 5th, Cliff 
Richard’s 1005th, or even Spandau Ballet's latest, but if the 
computer's cassette read system sees a bad note, then the message is 
incomplete and the program, when RUN, will crash or grind to a halt, 
with the inevitable error message. 

So what to do? 

Following the general guide lines below should result in the 
minimum of trouble, provided a reasonably well made, un- 
sophisticated cassette recorder is used— no stereo, no tone control, no 
AFC -— just jacks and volume. 


Loading Hints 

When loading from a cassette recorder, adjust the volume to 
maximum (any other controls to about x) and type CLOAD “*” (load 
‘“*? on BBC), Press ENTER and play on the recorder then watch for 
an on screen indication that loading is taking place. 

If after one minute nothing has happened stop and rewind the 
tape. Check carefully that a) the leads to and from the recorder are 
correctly wired and b) that there is a program on the tape— sorry for 
pointing out the obvious but it's surprising how often it’s possible to 
try and load a blank tape. 

If all is well, adjust the volume output of the recorder in small steps 
(try increasing the setting first) until a successful load can be 
obtained. When loading is successful mark the cassette’s label with 
the volume setting shown on the recorder. 


Saving Hints 


The best tapes to use for saving programs are short (no longer than 
C15) tapes designed for the task. After connecting up the recorder 
wind on at leas two feet of tape to avoid the plastic leader at the start of 
the cassette. 

Type in CSAVE “‘< prog name >” (BBC - save**”’) and put the 
cassette recorder into the record mode. 

Press ENTER whereupon the screen should show that loading is 
taking place. When saving is complete, stop the recorder and reqind 
the tape. 

It is a good idea to verify all tapes and if your computer has a 
verify facility, the verification procedure described in its manual 
should be followed before removing the program from the machine’s 
RAM. 


Disc storage 
The disk storage system is a much more sophisticated method than 
the cassette system, and works a little like a record player, but here 
the records don’t have continuous tracks. 

Programs are stored on a disc, (record), using a disc drive unit, 
(record deck), which uses a read/write head, (stylus). 

The system is relatively bug free and foolproof, but requires care 
in the storage of discs— not on the back of the TV set, and never bent 
or overheated. Treat them just like an expensive record. 
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The system is much quicker than cassette, (x100 for example), 
and like cassettes can be used inside a program for retrieving and 
storing data, but very much more efficiently. The disc system can be 
considered as an extension to a program, because of its undoubted 
ability to locate the required data nigh on immediately. Whereas the 
cassette recorder has to run past oceans of unwanted material before 
coming across the bit that’s required. 

A good disc system, not surprisingly, costs a lot more than a 
cassette recorder-— say a factor of ten at least, but it’s worth paying for 
if a lot of data is handled by a program. 


Types of disc 


There’s an hierarchy of mass storage that seems to get longer and 
more complicated with each month that passes. 

For example we have: cassette tape — floppy discs — hard discs — 
RAM discs — bubble memories — video discs — and last but not least- 
laser cards, 


Floppy discs 


Let’s look at the floppy disc first, the most common form of disc 
storage for the home computer user's system. It can have a variety of 
names -— floppies— diskettes — minidiscs, and be of two types— hard or 
soft. Soft floppies come in three sizes— 8 inch—5.25 inch and 3.5 inch 
diameter. The 8 inch have about 70 odd tracks (uncontinuous 
individual ones), but are not used much now, so we will only consider 
the most popular size, the 5.25 inch. This size has 40 tracks, with 
each track divided into a number of sectors or blocks of 256 bytes 
each, The disc surface itself is covered with a magnetic material like a 
cassette tape, so that the Is and 0s can be stored as required, but the 
density of storage available varies with the description of the disc, 

Single sided single density, as the name.implies, has information 
stored on one side only. These can store about 50K bytes. The single 
sided double density has been designed to store considerably more 
information, more blocks or sectors per track, up to 250K bytes per 
side. 

Double sided discs obviously do it twice, one on each side, but are 
considerably more expensive, as is the hardware needed to operate 
them. 

The disc is round and flexible and must always be kept in its 
cardboard cover, which has a central circular hole cut in it and 
somewhere on its diameter a slot, which allows the disc read/write 
head to access/store the required information. 

The disc operating system, or DOS, positions the disc read/write 
head over the correct area of the disc, after rotating it to expose the 
required sector, By the way the head is positioned using a stepper 
motor and the drive unit a more normal motor, spinning the disc at 
350 revs per minute, giving a data transfer rate of about 250K per 
second — compare that to the normal cassette tape system of around 
1.2K per second. 


Hard discs 


Hard discs now have a standard, the Winchester 5.25 inch, (the name 
Winchester is only acode name used by IBM for one of its products in 
this field). The hard disc drive motor rotates 10 times faster than the 
floppy type, with 625 byte per second data transfer rate, giving an 
access time as fast as 60ms. The machinery works in the same way as 
a floppy system, but is an extremely high precision piece of 
engineering, with the read/write head running much closer to the disc, 
(that’s why it has to be hard you see). It’s possible to get as much as 5 
and 10 Megabyte storage capacity and all for £1500. It looks as if we 


SEPTEMBER 1983 


TECHNICAL FEATURE 


are stuck for the time being with floppies and paying anything up to 
£600 for our disc system. 


ROM and RAM 


In this area of information storage we are considering more the 
devices a computer uses and not the programmer. 

There are two main types of memory, volatile and non-volatile. 
Volatile meaning that the information you have stored is lost when the 
device’s power supply is switched off. Non-volatile means that even if 
the power supply is disconnected the information is not lost. So 
obviously cassette tape and discs are examples of non-volatile 
memory devices. 

A further example is the ROM device, standing for Read Only 
Memory. Once programmed with information the ROM memory is 
set for life, unless something drastic happens, such as finding itself 
surrounded by a strong magnetic field, which might make it lose all its 
memory for ever, a kind of chronic benign computerised amnesia. So 
keep those expensive modules and cartridges away from the back of 
your television set! The ROM is used by the computer to store the 
instructions for its operating system, and it's where you'll find its 
language stored too, i.e. BASIC or FORTH for example. 

ROMs can also be used to add to a computer's operating system, 
as in the previously mentioned modules and cartridges, and for 
transferring data, etc., into RAM for program runs. Some 
sophisticated examples of ROM are the BBC wordprocessor 
packages - VIEW and WORDWISE, speech synthesizers for the 
BBC, TEXAS and VIC20 now appearing on the market. 

To confuse matters further there are a number of other types of 
ROM. A PROM is a Programmable Read Only Memory, which 
means that instead of buying from a manufacturer a preprogrammed 
ROM, you buy one in a blank state and program it yourself to suit 
your own requirements, For example to illustrate the main difference 
between ROM and PROM consider a set sequence of digital signals 
such as the morse code which could be programmed onto ROM and 
sold as a package. But consider the program for checking the speed 
and petrol consumption in one of the more modern cars, this could 
only be programmed by the designer of the motor car. 

ROM and PROM once programmed are fixed and cannot be 
altered, but there is a chip called an EPROM which can be 
programmed, then later as the program develops, be erased and 
reprogrammed. One future use of EPROM could be the interchange 
of messages, ideas, programs etc., between computer users, in the 
same way that tapes and discs are used now. The advantages would 
lie in lower transport costs, little likelihood of transit damage, and less 
vulnerability to attack by stray magnetic fields and high temperatures. 

To erase an EPROM, an ultra-violet light source is required, and 
then it can be reprogrammed in the usual fashion, but there is yet 
another type of ROM called an EAROM, which stands for 
Electrically Alterable Read Only Memory, and is both erasable and 
programmable by electrical means, which would seem to bring us to 
the RAM. The difference between ROM and RAM is mainly in 
circuit design and the way that the signal is written into the memory 
cell, 

RAM stands for Random Access Memory and is the commonest 
type of user memory in micro computers, but being of the volatile 
type, loses it memory on switch off. 

The unit of data is the Kilobit, (as also is ROM), equalling 1024 
bits of information, that is 10 to the power of 2, and a byte equals 8 
bits. As computer scientists do their mathematics in binary the 
modules of RAM are usually 2K, 4K, 8K, 16K, 32K etc., the most 
common multiples being 4K, 16K and 32K for home computers. But 
16K of RAM usually means 16 Kilobytes of RAM, that is 16 x 1024 
x 8 or 131072 bits of information. When talking about integrated 
circuits, a 16K RAM IC would be referring to the number of storage 
places, bits, so would only have 16384 bits, therefore to build a 16K 
RAM computer, you would need 8 x 16K RAM ICs, or 32 x 4K. 
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Problems — what problems? 


To the future 


Laser cards are what dreams are made of, but then so was flight. The 
laser card consists of a card about the size of a credit card covered in 
silver halide particles, which is read by a laser beam, It will hold about 
5 Megabytes, which would allow a goodly number of paperbacks to 
be stored, or about a million words in total—- Dickens on credit card— 
so to speak, or perhaps carded Cartland. 

Video discs are what dreams come true are made of. They are on 
the market now, but not used for home computer storage, and are used 
for storing and replaying films instead of using video tapes. At the 
moment they are very difficult to write to, as lasers are required, but 
they are easy to read from. They could be used to store anything up to 
4000 Megabytes. 

Bubble memories are a non-volatile form of RAM, expected to 
hold about 4 Megabytes of memory, again a little too far off for the 
home computer enthusiast. 

Maybe the day is not too far distant when tapes and discs will be a 
thing of the past, only seen in college museums, and all user memory 
will be contained in something the size of a cigarette packet, in the 
Megabyte range, and as cheap as a cassette tape is today. 

But isn’t that where user memory all started— making a note on the 


back of a cigarette packet? 
E&CM 
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DUAL 2-TO-4 LINE 
DECODERS/MULTIPLEXERS 


on 4-INPUT POSITIVE- COUNTER/LATCH/ COUNTERS/LATCHES/ 
ND 50-OHM LINE DAIVERS 5 IDECODER/ORIVER DECODERS/DRIVERS . 
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If you're still staggering through the computer jungle and not getting 


“THERE MUST BE A 


OMPUTER DEALER | CAN 
TURN TO FOR’ : 
GUIDANCE... 


sensible answers to your questions, we have some good news: 


Now you can turn to professional people who are capable of giving you 


sound advice on practically all aspects of popular computing. 


Aeicssiee 


stationery or sealing wax. 


Not surprisingly he won't try to sell you things like cameras or cosmetics; 


He will, however, be capable of answering sensibly almost any question 


you have on computers and computing, and have readily available a wide 


range of popular computers, hardware, software, books, and peripherals. 
So why not call in at your local COMPUTERS FOR ALL dealer today? 
He can lead you in the direction you want to travel. 


They all have one thing in common: 
They are COMPUTERS FOR ALL dealers. 
A Computers for All dealer is different from the normal Computer retailer. 


The shops where people matter: LEICS 


BERKSHIRE 

KENNETH WARD COMPUTERS 

Verve House, London Road, 
0990 25025. 


Sunnangdale. 
CHANNEL ISLANDS 


8St 's Arcade, 
Falmouth TA11 30H, 0326 
314663, 


17 Turks Street, Alton.0420 
82055. 


45-47 Fishers Green Road, 
THE COMBINED TRADING CO. 
108 11 Salisbury Square, 

Old Hatfield. 


0707265551. 

THE ROYSTON MICROCENTRE 
1 John Street, Royston. 

0763 42622. 

KENT 

APHROS SOFTWARE CO. 

47 Hawley Square, Margate, Kent. 
0843 294699. 

MEDWAY COMPUTERS 

141 New Road, Chatham. 

0634 826080. 


11 The Pantiles, Tunbridge Wells. 
069227691 
LANCS 

CS. 


P. 

39 Railway Road, Darwen. 0254 
776677. 

4MAT COMPUTING 

67 Friargate, Preston. 

THE HOME COMPUTER CENTRE 
40 King Street, Blackbur. 

0254 671316. 


DIMENSION 
27-29 High Street, Leicester. 
0533 57479. 


1 Station Approach, 
London SE9, 01-859 7505. 


0504 65002. 
NORTHAMPTONSHIRE 
LEISURETIME 

13 The Friary, Grosvenor 

Centre, Northampton. 0604 


36726 
OXFORDSHIRE 
SCIENCE STUDIO 

7 Little Clarendon, Oxtord OX 
2HP. 0865 54022. 


Esplanade, Lerwick, ZE1 OLL 

05952145. 

SUFFOLK 

BECCLES COMPUTERS 

5 The Ridings, Worlingham, 

Beccles. 0502715061 

SURREY 

ANIROG COMPUTERS 

8High Street, Horley, 02834 
7. 
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COMPUTASOLVE 

8 Central Parade, St. Marks Hill, 
Surbiton. 01-390 5135. 


SUSSEX 
THE COMPUTER CENTRE 
(BMS) LTD. 
37d& 37e Robertson Street, 
Hastings, East Sussex. 0424 


(S. WALES) : 
3Wermeys Road, Penystai, 
Bridgend. 0656 720989. 


DAN EVANS (BARRY) LTD. 
81 Holton Road, Barry, South 


ENTRE 
37 Clase Road, Morison, 
Swansea SA6 BDS. 0792 


Glamorgan. 0222 4 1905. 
TYNE & WEAR 

THE COMPUSHOP 

10 Newgate Centre, Newcastie- 
upon-Tyne NE1 5RE. 0632 
618673. 
WARWICKSHIRE 
IMPULSE MICRO SYSTEMS 


LTD. 

6 Central Chambers, Cooks 
Alley, Wood Street, Stratford- 
Upon-Avon. 0789 295819. 


WEST MIDLANDS 
CALISTO COMPUTERS LTD. 


119John Bright Street, 
Birmingham B1 1BE. 021-632 
6458. 

JBC 

200 Earlsdon Ave. North, 
Earlsdon, Coventry. 0203 


73813. 
WORCESTERSHIRE 
DEATH VALLEY COMPUTERS 
P.O, Box 54, Worcester WR2 
GOA. 0905 640400, 

EVESHAM COMPUTER CENTRE 
Crown Court Yard, Bridge St., 
Evesham. 0086 48695. 
YORKSHIRE 

COM-TEC 

6 Eastgate, Bamsley, South 
Yorkshire, 0226 48972. 
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